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INTRODUCTION 
The parity concept is not new in the United States agri­
cultural economy. In the 1920's the idea of equality for 
agriculture was widely discussed and was given serious study 
by economists, farmers, farm organizations, and the Govern­
ment. The various ideas gradually developed into a definite 
pattern, and in the Agricultural Adjustment Act of 1933 Con­
gress defined the concept of parity. The Act stated that it 
was the policy of Congress to: 
(1) re-establish prices to farmers at a level that 
will give agricultural commodities a purchasing 
power with respect to articles that farmers buy, equiv­
alent to the purchasing power of agricultural com­
modities in the base period. The base period in the 
case of all agricultural commodities except tobacco 
shall be the pre-war period, August 1909-July 1914. 
In the case of tobacco, the base period shall be the 
post-war period, August 1919-July 1929• 
(2) approach such equality of purchasing power by 
gradual correction of the present inequalities 
therein at as rapid rate as is deemed feasible in view 
of the current consumptive demand in domestic and 
foreign markets (26). 
The terms "parity" or "parity price" were not used in 
this first legislative definition. The words "parity prices" 
first appeared in the Agricultural Adjustment Act of 1938. 
Thus, the first parity price formula developed was a 
commodity purchasing-power concept which indicated the prices 
which would give farm products the same per-unit purchasing 
power that prevailed in the base period. Although the basic 
concept still holds, Congress has from time to time modified 
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the formula, has defined parity more specifically, and has 
spelled out the part parity should play in agricultural 
programs. 
A major modification in the parity formula was made in 
the Agricultural Acts of 1948 and 1949 (27, 28). Provisions 
were made for adjusting or "modernizing" prices for the vari­
ous farm commodities so as to maintain the same inter-
commodity relationships as prevailed during the most recent 
ten-year period. However, the new formula retains the 1910-
14 period as the base for the over-all relationship between 
prices received by farmers and prices paid by farmers. This 
formula is referred to as new or modernized parity to dis­
tinguish it from the old parity formula. 
Another modification that was made in the parity price 
formula in the Agricultural Acts of 1948 and 1949 was the 
transitional feature. Where the old parity price for a com­
modity was higher than the new parity, the transitional fea­
ture provides for a gradual reduction in the old parity until 
the new parity level is reached. The parity price as computed 
under the old parity formula was to be reduced five per cent 
each year until the transitional parity was less than the 
parity price as defined by the new Act. At that point the 
old parity is permanently discarded; in the meantime, the 
transitional parity is the effective parity. 
Parity price computations of some form will probably 
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continue to be used in legislating and administering agri­
cultural programs. The current parity formula is considered 
by many economists, farmers, and farm organizations to be 
inadequate as a base for price supports. This leads to a 
statement made by the United States Department of Agriculture 
in its recent study of possible methods of improving the 
parity formula: 
Parity comparisons only call attention to the 
changes which are occurring; by themselves they 
neither indicate why a change has occurred nor what 
should be done about it (29, p. 2). 
The present study was undertaken to analyze and compare 
alternative methods of computing parity prices of cotton. 
The major part of this study is devoted to the construction 
of a parity formula based on resource returns. Three other 
leading alternatives relating to parity price computations 
are included in the analysis for purposes of comparison. 
They are: (1) alternative base periods, (2) separate parity 
indexes for individual commodities, and (3) an efficiency 
modifier for parity prices. 
The objectives of this study are: 
1. To develop a theoretical basis for parity price 
formulas to show how parity prices differ when dif­
ferent alternative methods of computing parity 
prices are used. 
2. To construct a parity formula based on parity re­
turns to resources employed in agriculture which 
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will measure the economic status of farmers more 
accurately than the present formula. 
3. To apply the parity formula based on resource re­
turns to commercial family-operated cotton farms 
in several cotton areas. 
4. To develop three other alternatives relating to 
parity price computations - alternative basa periods, 
separate parity indexes for individual commodities, 
and an efficiency modifier for parity prices - and 
apply them to cotton. 
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REVIEW OF LITERATURE 
Criticisms of Present Parity Formula 
Weaknesses of the present parity formula have been 
recognized by many writers over the past two decades. In 
19^6 Wright (39) listed several basic weaknesses of the 
present parity formula. First, the parity price formula, 
while providing for price parity on individual farm products, 
does not necessarily provide parity income for farmers. The 
quantity of products sold and the amount of factor inputs 
bought by farmers are not taken into consideration in the 
parity index. Second, the base period 1910-14 is out of 
date. Third, the items included and their weighting in the 
farm cost index need reconsideration. Many important changes 
have occurred in the kind and amount of things used in 
operating farms in recent years. Fourth, the parity formula 
disregards the variation in the rate of technological progress 
in the production of various crops. 
Shepherd et al. (21) have given a more recent appraisal 
of the present parity price formula. According to these 
writers, the present parity price formula does not provide a 
very exact standard by which to measure farmers1 economic 
status today, for the following four reasons: 
1. The 1910-14 base period is out of date. 
2. The parity index is the same for all farm 
products. 
3. The parity formula ignores changes in quantities 
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produced. 
k. The parity index ignores changes in quantities 
purchased. 
Puller (5)» in a recent study similar to the present 
study, has given the following criticism of the present par­
ity formula : 
It appears that the parity index and parity ratio 
when used as a basis for price setting and as an 
indicator of agriculture's income position is defi­
cient in that it does not accurately reflect cost 
or income situations, since it measures only price 
changes. The different combinations of resources 
used in an area are not reflected in the formula 
since it is computed for the United States as a 
whole. The longer the lapse of time between the 
base period and the period under consideration the 
more important become these deficiencies. 
Review of Alternative Parity Concepts 
In January, 1957» the United States Department of 
Agriculture (29) released a study of possible methods of 
improving the parity formula. Five leading alternatives re­
lating to parity prices were presented, as follows: 
A. Different base periods. 
B. Separate parity indexes for individual com­
modities. 
C. Efficiency modifier for parity prices. 
D. Modernized parity modified for costs of price 
stabilization programs. 
E. Parity income formulas. 
This agency also released a report in January, 1957 on 
various methods of supporting the price of cotton for the 
Committee on Appropriations of the United States Senate (30). 
Four methods of calculating the parity or support-prices for 
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cotton were presented, as follows: 
1. Modernized parity and old parity. 
2. Parity price based on the prices paid for items 
used in producing cotton, referred to as "cot­
ton's own parity". 
3. Cotton's own parity modified by changes in the 
quantity of inputs of various kinds used to 
produce a pound or a bale of cotton, referred 
to as "cotton's own parity with efficiency 
modifier". 
4. Basic quality for price-support purposes. 
The first three of the above methods will be described 
in detail in a later section. The fourth method presented 
above, base quality for price-support purposes, refers to 
changing the level at which cotton is supported from the 
grade of Middling seven-eighths inch cotton to the average 
quality of the cotton crop. The effect of such a change 
would be to lower the loan rate and hence the percentage of 
parity at which cotton is supported by a corresponding amount 
while leaving the base quality at Middling seven-eighths 
inch. 
Review of Previous Conclusions and Recommendations 
for Parity Price Computations 
In the study of possible methods of improving the parity 
formula the United States Department of Agriculture (29) made 
several conclusions and recommendations regarding parity 
price computations. Of the three basic formulas which under­
lie most suggestions for parity calculations - (1) general 
purchasing-power base-period comparisons, (2) specific com­
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modity indexes or cost estimates, and (3) prices or returns 
to yield specified incomes - the Department concluded that 
(29, p. 3): 
....the use of the current general commodity 
purchasing-power concept should be continued. That 
is, the parity formula should continue to indicate 
prices which would give farm commodities generally 
a per-unit purchasing power in terms of goods and 
services used by farmers for both farm family living 
and production purposes equivalent to that obtained 
in some specified base period. 
With regards to shifting the parity base forward to a 
more recent period, the Department made the following recom­
mendation (29, p. 5): 
It is recommended that the modernized parity formula 
now contained in the Agricultural Adjustment Act 
of 1938, as amended, be continued except that the 
base period January 1910 to December 1914, inclusive, 
should be changed to January 1947 to December 1956, 
inclusive. 
Two other recommendations were made by the Department 
concerning other modifications of parity price computations 
that are suggested from time to time. The Department recom­
mended that no adjustment should be made for increasing ef­
ficiency, either wholly or in part, and that no adjustment 
should be made in parity prices for commodities on which 
substantial losses are realized by the Government through 
stabilization activities (29, pp. 6-7). 
Shepherd et al. (21) concluded that a parity formula is 
needed which will provide a more accurate measure of farmers' 
economic status and reflect changes in the costs of producing 
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the different farm products more accurately than the existing 
modernized parity prices. A parity formula based on resource 
returns was recommended. 
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THEORETICAL FRAMEWORK 
Before considering the empirical application of the 
various alternatives to the parity price concept, some of the 
effects on the parity price of the alternative methods of 
computing parity price will be shown. 
In the present study four alternative methods of comput­
ing parity prices are used. In general they are made up of 
the first two or all three of the following components : (l) 
an index of factor prices, either in terms of beginning 
period (Laspeyre's formula) or end period (Paasche's formula) 
weights; (2) an adjusted base price, which is the ratio of 
the average price of the product during some preceding period 
to the index of the average price of all farm products during 
the same preceding period; and (3) an index of output of the 
product per unit of input. If the parity price formula is 
made up of only the first two of these components, the re­
maining one is assumed to be constant for purposes of anal­
ysis. 
If the third component, an index of output per unit of 
input, is not included in the parity formula, then parity 
prices are only a function of the adjusted base price and 
the index of factor prices, varying directly with both. If 
all of the above components are included in the parity for­
mula, then differences in parity prices may be brought about 
by changes in factor productivity as well as by changes in 
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adjusted base price and the index of factor prices. An in­
crease in the input-output index will tend to lower the parity 
price, whereas a decrease in this index will tend to raise 
the parity price. Year to year differences and regional dif­
ferences in parity prices may be brought about by differences 
in adjusted base prices and indexes of factor prices for 
parity formulas including these two components, and in addi­
tion, by differences in factor productivity for parity for­
mulas including the third component of an input-output index. 
In this thesis, the effects of the above three components 
upon parity prices will be developed with the aid of simple 
economic models. The effects upon parity prices are developed 
for two situations. In the first situation, parity prices 
are a function of an index of factor prices and an adjusted 
base price (No. 1 and 2 above). In the second situation, 
parity prices are a function of the index of output per unit 
of input (No. 3 above) as well as an index of factor prices 
and an adjusted base price. 
Situation I. Parity Prices as a Function of the Adjusted 
Base Price and Index of Factor Prices 
Figure 1 illustrates the situation where parity price 
is a function of the adjusted base price and index of factor 
prices. Since an index of output per unit of input is not 
included in this situation, it may be assumed that the input-
output ratio remains constant at a ratio of one to one and 
Figure 1. Parity prices as a function of adjusted base 
price and index of factor prices 
Part A. Supply function 
Part B. Production function 
Part C. Input supply function 
Part D. Determinants of parity price 
Part E. Parity price 
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hence the Input-output index is constant at 100. In the 
model which is used in this analysis, Part A represents the 
supply function, Part B the production function, Part G the 
input supply function, Part D the components that determine 
parity price, and Part E shows the parity prices correspond­
ing to the outputs started with in Part A. The supply func­
tion, SS, shows the relationship between the adjusted base 
price and output of a product. The production function, oy, 
shows the relationship between the input of factor services 
and the output of a product. The input supply function, px, 
shows the relationship existing between the input of factor 
services and the factor price index. The function in Part 
D, af, is determined from the functions in Parts A, B, and 
C. The following notations are used: Ï represents output of 
a product, X represents the inputs, P& represents the adjusted 
base price, Pf refers to the index of factor prices, and P 
refers to the parity price. In order to simplify the analysis, 
the production function is assumed to be linear and goes 
through the origin so that a point on it shows input (its 
horizontal component) and output (its vertical component), 
and the vertical component over the horizontal component 
represents the average product or the input-output ratio. 
This model is concerned with explaining a schedule relating 
the adjusted base price (PQ) and the factor price index (Pf). 
At any point on the schedule in Part D, the parity price is 
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equal to the adjusted base price times the factor price index. 
This schedule is determined by starting with the supply func­
tion in Part A. For a given adjusted base price a certain 
supply is made available (Part A). For this supply the re­
quired amount of inputs is found (Part B). This input is 
associated with a factor price index (Part C). The index of 
factor prices is plotted against the adjusted base price in 
Part A to determine the schedule in Part D and hence the 
parity price. By starting with various outputs in Part A 
and going through this procedure each time, the schedule in 
Part D is obtained. The parity prices obtained by multiply­
ing the adjusted base price times the index of factor prices 
are plotted against the corresponding output in Part A and 
are shown in Part E. The process can be reversed to show 
how intensity of production may be affected by different 
parity prices. 
In Figure 1, the slope of the supply curve is determined 
by the extent of the variations in the adjusted base price 
as output varies. The production function is drawn at a 45-
degree angle, since the input-output index is excluded from 
the parity formula in this situation. To illustrate how 
parity prices are a function of the adjusted base price and 
index of factor prices, start with the adjusted base price 
OM and the output ON (Part A). Output ON requires OR inputs 
(Part B) and OR inputs is related to the factor price index 
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OH. The factor price index OH times the adjusted base price 
OM (Part D) equals the parity price P^ which is plotted 
against output ON in Part E. By starting with various ad­
justed base prices in Part A, the same procedure is followed 
to obtain other parity prices shown in Part E. The parity 
price line pp in Part E will shift upward as the supply func­
tion shifts to the right and as the input supply function 
shifts upward. Likewise, a decrease in the parity price line 
in Part E will shift downward as the supply function shifts 
to the left and as the input supply function shifts downward. 
Thus, parity prices vary directly with both the adjusted base 
price and index of factor prices. 
Situation II. Parity Prices as a Function of the 
Index of Output per Unit of Input, Adjusted 
Base Price, and Index of Factor Prices 
This situation is illustrated in Figure 2, where the 
production function, adjusted base price, and index of factor 
prices are determinants of parity price. The model is the 
same as the one in the first situation except that the produc­
tion function does not remain constant. To account for the 
changing production function, the index of output per unit 
of input, denoted by A, is introduced into the model in Part 
C and Part D. Parity price is now equal to the adjusted base 
price times the ratio of the factor price index to the input-
output index. 
Figure 2. Parity price as a function of index of output 
per unit of input, adjusted base price, and 
index of factor prices 
Part A. Supply function 
Part B. Production function 
Part C. Input supply function 
Part D. Determinants of parity price 
Part E. Parity price 
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To Illustrate how parity prices are a function of the 
input-output index in addition to the adjusted base price 
and index of factor prices, start with the adjusted base 
price OM and output ON in Part A. Output ON requires OR and 
OT inputs from the production functions oy2 and oy^, re­
spectively (Part B). An upward shift in the production func­
tion from oy^ to oy2 causes the input supply function to 
decrease from p^x^ to p2x2 (Part C) because the factor price 
index is now divided by the input-output index. In Part D 
there are now two functions, a^f^ and a2f2, corresponding to 
the production functions oy1 and oy2, respectively. The 
parity prices obtained by multiplying the adjusted base price 
times the ratio of the factor price index to the input-output 
index are plotted against the corresponding output in Part 
A and are shown in Part E for the two production functions. 
It is noted that the higher input-output ratio (higher produc­
tion function) results in a higher parity price line in Part 
E. For the output ON the parity price drops from P-^ to P2 
as the production function increases from oy^ to oy2« 
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FOUR ALTERNATIVES RELATING TO PARITY PRICES 
Different Base Periods 
Before the design of a parity formula based upon re­
source returns is presented, three other alternatives for 
computing parity prices will be considered. The first alter­
native is to shift the parity price computations to a more 
recent base period. The formula for computing the parity 
price would still be the same as the one used for computing 
the modernized parity price. The parity price of product A, 
denoted by P^, is given by 
p PtA . #1% 
M- " ( Z *i«oï IMO 
1 rpoVt 
where P+. represents the average price of product A during 
/TP Q \ 
the previous ten years, ( q^ - 1 is the average of the U.S. 
^ ° 0 t 
£Piq0 
prices received index for the previous ten years, and 
—  " 0  0  
is the U.S. index of prices paid. Throughout this study the 
capital letters P and Q will refer to the prices and quanti­
ties of products sold, respectively, and the small letters 
p and q to the prices and quantities of factor inputs, re­
spectively. The subscript o refers to the base period and 
the subscript 1 refers to the current period. Thus, the only 
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change in the modernized parity formula resulting from a 
change in the base period would be to change the indexes of 
prices received and prices paid to another base period. The 
appropriate model representing this parity formula discussed 
above includes an adjusted base price and an index of factor 
prices as determinants of parity price, with technology held 
constant at the input-output ratio of one to one (Situation 
I). Transposing the symbols in the model discussed previously 
into the above formula, the parity price of product A is 
given by 
Since parity price computations serve only as measures 
of change, there are no hard and fast rules for determining 
an appropriate base period. The United States Department of 
Agriculture (29, p. 18) has given two characteristics which 
it regards as desirable for any alternative base period. 
First, the base period should be representative of future 
agriculture. Second, the base period should reflect a fairly 
stable price situation that is unaffected by wars and depres­
sions . 
Separate Parity Indexes for Individual Commodities 
Two possibilities exist for the second alternative of 
computing parity prices. The first method involves computing 
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a single index of prices paid for each important commodity 
and applying it to some base period price of the product. 
This would involve (l) the calculation of an index represent­
ing the composite average of the prices of items used in the 
production of each important commodity and (2) the applica­
tion of this index to some base period price of the com­
modity. 
This alternative would thus involve the computation of 
an index representing the composite average price of items 
used in producing the commodity in the United States for each 
year. Such an index would be a weighted aggregate of actual 
prices of the production items for each year, using as 
weights the average quantity of each item used in the base 
period. The formula used to compute parity prices would be 
the same as the present parity formula. A single index of 
prices paid for goods and services used in cotton production 
would be used in place of the United States index of prices 
paid. 
The second method involving separate parity indexes is 
to compute parity prices by major farming areas, using in­
dexes of prices received and paid by farmers in each area. 
The formula used would be the same as the present parity 
formula. A single area index of prices received and paid by 
farmers in the cotton areas would be used in place of the 
United States indexes. 
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The appropriate model for both of these methods would 
be the same as the one for the preceding formula for differ­
ent base periods. The parity price of product A would still 
be given by 
The third alternative for computing parity price is to 
make an adjustment in the formulas for changes in efficiency. 
This adjustment can be made by multiplying the parity price 
computed from one of the above formulas by the inverse of an 
index of outputs per unit of input. The formula for the 
parity price of product A, denoted by P2^ , would be 
The appropriate model which represents this parity 
formula includes an adjusted base price, an index of factor 
prices, and a shifting production function as determinants 
of parity price (Situation II). Transposing the symbols in 
the model into the above formula, the parity price of product 
A is given by 
The advantages and disadvantages of the above three 
Efficiency Modifier for Parity Prices 
P 
fPllo . TPQI! 
2Polo 
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alternatives for computing parity prices will be discussed 
in the empirical application of parity prices to cotton. 
A Parity Formula Based on Resource Returns 
The preceding three alternatives relating to parity 
price computations do not accurately reflect the current in­
come situation of farmers relative to other incomes. Actual 
quantities produced and purchased should be included in the 
computations of a parity formula. In the present study a 
parity formula has been designed which includes the actual 
quantities and prices of inputs and the actual quantities 
and prices of outputs, and compares farm incomes with other 
incomes. 
The job of obtaining the quantities and prices of out­
puts and of expense items is merely the job of obtaining ac­
curate statistics. Obtaining quantities and prices of 
capital, land, and labor, however, presents a more difficult 
task. 
For this study parity returns to resources have been 
defined as the returns to resources employed in agriculture 
which are equivalent to the returns received by comparable 
resources engaged in non-agricultural production (21, p. 16)1. 
As will be shown later (pp. 26-27), returns to labor 
resources are estimated in a special way by comparing farm 
to non-farm labor returns during a base period. 
2 5  
In order to quantify parity returns, a valuation must be made 
of capital, land, and labor inputs. 
Returns to working capital and land 
The valuation of capital inputs used in agricultural 
production should be approximately equivalent to the returns 
received by comparable capital used in non-agricultural produc­
tion. Risk and stability of returns vary between the farm 
and non-farm sectors, making it difficult to compare capital 
situations in the two sectors. However, capital is fairly 
mobile between the farm and non-farm sectors, so that returns 
to farm working capital comparable to the non-farm sector can 
be approximated by use of the interest rates paid by farmers 
on intermediate and short term farm loans. 
Two approaches may be used in the valuation of land in­
puts, as follows : (1) share rents and (2) estimated market 
value of land times the mortgage interest rate. The use of 
share rents would probably come closer to reflecting the an­
nual contribution of land to net income than the estimated 
market value of land times the mortgage interest rate. A 
second advantage in using share rents would be that they 
fluctuate more in line with fluctuating farm net income than 
do returns to land based on interest. However, several dis­
advantages of the use of share rents for valuation of the 
services of land tend to outweigh the advantages. First, 
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share rent in a given area is established as a normal or 
general average and remains inflexible from year to year. 
Second, share rents are not prevalent in all areas, and wide 
differences exist in the methods of determining shares (6, 
11). 
The second approach to the valuation of land inputs, 
multiplying the estimated market value of land by the cor­
responding farm mortgage interest rate, was used in this 
study since it provides comparable data for all areas. Also, 
it is the rate at which farmers may obtain capital on real 
estate. This approach is the one used by the United States 
Department of Agriculture (6, 34). 
Thus parity returns to capital and land can be approxi­
mated by use of interest rates paid on short term loans and 
mortgage interest rate times the current value of land, re­
spectively. 
Returns to labor 
Estimating parity returns to labor presents several 
problems. First there is the problem of selecting a non-farm 
occupation that is fairly comparable to the job of farming. 
The series of non-farm occupation selected must be one in 
which the skills and training are similar to those required 
for operating a farm. It must reflect returns to labor and 
management exclusive of returns from capital resources. Thus, 
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such a series must relate to an occupation which requires 
similar skills to those required by farmers and which repre­
sents potential returns available to farm operators leaving 
farming. 
Once an occupation comparable to farming has been 
selected, there remains a second problem of estimating re­
turns to the two types of employment. Complexities arise in 
evaluating the farm produced food consumed in the home and 
the rental value of the farm home. Food furnished by the farm 
is valued at wholesale prices whereas the food consumed by 
people in non-farm occupations is valued at retail prices. 
Difficulties also arise in evaluating the conditions associ­
ated with different types of employment. The city worker 
often travels long distances to and from his place of work 
but usually has better health and educational facilities than 
the farmer. There are also intangible factors involved in 
evaluating life in the country versus life in the city. Thus 
it is almost impossible to compute farm and non-farm labor 
returns which can be compared directly. However, farm and 
non-farm returns can be compared to each other during some 
base period, and their relationship then can be used as a 
base for computing parity returns for farm labor. 
A comparison of farm to non-farm labor returns during a 
base period enables one to compute parity returns to farm 
labor as earnings to farm labor which bear the same ratio to 
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non-farm labor earnings as existed during the base period. 
More specifically, parity returns to farm labor for the cur­
rent year are equal to the current non-farm wage rate multi­
plied by the base period ratio of farm to non-farm labor 
returns. 
The only requirement necessary in constructing parity 
returns to farm labor from a ratio is that the non-farm 
series represent only returns to labor. The level of the 
non-farm series used becomes secondary to the manner in which 
the series moves. 
Parity labor returns in this study will be computed from 
the series "Hourly Earnings of Employed Workers in Manufactur­
ing" , which is published in the Statistical Abstract of the 
United States (36) .  
Parity gross income and the parity returns indicator 
Once the valuation of the capital, land and labor inputs 
has been decided upon, the following definition of parity 
gross income can be made. Parity gross income is that income 
which covers operating expenses, yields a return to working 
capital and land equal to the current short term and mortgage 
interest rates, respectively, and yields a return to the farm 
labor resource which bears the same ratio to non-farm labor 
returns as existed during the base period (21, p. 19). Parity 
gross income for an individual year thus is equal to the sum 
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of operating expenses, charge for capital services and land, 
and parity labor returns. Expressed in a mathematical for­
mula, parity gross income is equal to 
W 
p^lql * P0LqlL 
where p^ and q^ refer, as before, to the price and quantity 
of inputs, respectively; and Wq refer to the current and 
base period non-farm labor earnings, respectively; poL refers 
to the returns to farm labor during the base period; and q^ 
refers to the current quantity of farm labor used. The 
^p.^ includes all operating expenses, the net change in 
inventory of power, machinery and buildings, and the interest 
charge for capital and labor. 
If actual gross income is expressed as a percentage of 
parity gross income, a measure is obtained of the economic 
status of farmers. This percentage or ratio between actual 
gross income and parity gross income is referred to as the 
parity returns indicator in this study. As was shown earlier, 
gross income is denoted by The parity returns 
indicator for a given year is equal to 
£piQi 
ri'l * £ Polq1L 
o 
The parity returns indicator can be compared to the 
present United States parity price ratio and to area parity 
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price ratios. The parity price ratio, the index of prices 
received divided by the index of prices paid and multiplied 
by 100 to convert it to per cent, is given by the formula 
The parity returns indicator, although similar to the 
area parity price ratio, differs from the parity price ratio 
for the country as a whole in two respects. First, both the 
area parity returns Indicators and the area parity price 
ratios are influenced only by the prices of the inputs used 
in those areas. The present U.S. parity index, however, is 
influenced by the average of the input prices for the whole 
United States. Input prices in an area are not likely to 
change at the same rate as input prices for the whole United 
States. Second, items used in family living are given 
weights and are included in the parity index but not in the 
computations of the parity returns indicators or the area 
parity indexes. In the parity returns indicators, human 
effort is valued as a resource input, the value depending 
upon returns to labor in the non-farm segment* 
The parity returns indicator differs from both the United 
States parity price ratio and the area parity price ratios 
in two important respects. Since the gross income is the 
product of current production and prices, it is affected by 
£p0«0 
/ gplqo 
/ Z>0% 
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fluctuations in yield due to weather and other natural phe­
nomena. Parity price ratios are computed from indexes of 
prices received and paid which use constant weights, whereas 
the parity returns indicators use current weights of 
quantities bought and sold. 
A second difference between the parity returns indicator 
and both the U. S. and area parity price ratios is that the 
parity returns indicator reflects changes in technology or 
efficiency. This difference can be seen more clearly with 
W1 the aid of mathematical notation. By including g- PqL^-IL 
o 
in the summation of current input prices times their cor­
responding quantities, Piq-i > the parity returns indicator 
ZPiQi 1 1 
is given by r _ . Writing this as 
2-plql . 
IMi . IMI . ZPpQi 
£piîi rp0ii £po9i 
and rearranging these terms, the following is obtained: 
zVi £poQi 
£Pi<ii £p0ii 
rPo«i 
Thus, the parity returns indicator is a ratio of an 
index of prices received to an index of prices paid multiplied 
by an index of output per unit of input. The p, for labor 
W 
(p0L ) in the parity returns indicator is a function of 
o 
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the non-farm labor returns. Thus the parity returns indi­
cators will reflect changes in efficiency relative to the 
non-farm segment to the extent to which technological advances 
in the non-farm segment are reflected in the non-farm wage 
series. However, the parity returns indicators will not 
reflect absolute changes in efficiency. Fluctuations in 
production due to weather may obscure the effects of tech­
nological or price changes for short periods, but the effects 
of technology and price will become more evident over a long 
period of years. 
Computation of parity returns prices from the parity gross 
income 
The question may now be asked: what price is needed to 
give a farmer parity gross income as defined in the preceding 
section? 
To answer this question, we need to determine the price 
which will yield a parity return to the resources used in the 
production of a particular product. This price will be re­
ferred to as the parity returns price of a product. The 
parity returns price is the price needed to give the farmer 
parity income. The parity returns price would enable the 
farmer to cover his operating expenses and receive parity 
returns for his capital, land and labor. 
If only one product were produced in an area, the parity 
returns price would simply be the parity gross income as 
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computed from the formula in the preceding section divided 
by the total quantity of this product. But since several 
products are usually grown in an area, it is necessary to 
construct a set of parity returns prices for all products 
that will yield parity gross income. The sum of the quanti­
ties of all products multiplied by their respective parity 
returns prices equals parity gross income. 
A set of parity returns prices for all products can be 
computed with the aid of the market prices which existed 
during some preceding period, for example, ten years. The 
parity returns price of a product is then defined as the 
price which bears the same ratio to its average price over 
the preceding ten years as the parity gross income bears to 
the sum of the quantities of the product produced, multiplied 
by their respective average prices (21, p. 22). The average 
market prices are used as the basis for determining the re­
lationship among the parity returns prices for all products, 
and the parity gross income and quantity of all products 
produced determine the level of parity returns prices. 
The parity returns price of product A for the current 
period, denoted by P A^, is given by the formula 
Hi 
ZP]4l + w0 PoLqlL 
'
3A = f 
where Q^j represents the production of product j and r^ 
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represents the average price of the product j during the 
preceding ten years (P^j) divided by the average price of 
cotton during the preceding ten years (PtA). The may 
refer either to current production or some estimate of a 
"normal production" figure. It can be shown that the sum of 
the product quantities multiplied by their respective parity 
returns prices (Z Pj Q^j) equals the parity income. The 
parity returns price of product j, denoted by Pj, is given 
by the formula 
= F3A" rj 
and therefore 
'
3 = F3A 
From the parity returns price formula of product A, parity 
gross income is given by 
W1 r 
^~
plql + Wj poLqlL = P3A- J rjQlj 
Substituting for r. in the above formula, the following 
3A 
is obtained : 
wi - r F1 
Iplql + Wq P0LqlL = P3A* j P3A *13 
= f 
In order to show the various components of the parity 
35 
returns price, the formula for the parity returns price of 
product A can be written as 
34 
" ^ 
Rearranging these terms gives the following formula : 
p PtA Bill fPç9l 
3A * f t f t  1 »o«i rpo»i 
£poSl 
The parity returns price of product A is thus made up 
of the following three components : (l) an adjusted base price, 
which is the ratio of the average price of product A during 
the preceding ten years to the index of the average price 
of all products produced in the area in the preceding ten 
years ; (2) an index of input prices; and (3) the inverse of 
an index of outputs per unit of input. 
The parity returns price formula is different from the 
modernized parity price formula shown earlier (p. 20) in that 
it includes a measure of technology, is computed from indexes 
with current quantities as weights, and includes a return to 
the farm labor resource in the index of input prices which 
bears the same ratio to non-farm labor returns as existed 
during the base period. It differs from the efficiency 
modifier formula (p. 23) in that it is computed from indexes 
with current quantities as weights and includes a price for 
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labor which is a function of the non-farm labor returns. 
Thus the parity returns price is distinguished from the 
present parity formula by inclusion of an index of output 
per unit of input and from the present parity and efficiency 
modifier formulas by use of current quantities rather than 
base period quantities as weights in the index computations 
and by inclusion of a price for labor which is a function of 
the non-farm labor returns. 
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EMPIRICAL APPLICATION OF PARITY PRICES TO COTTON 
At present the parity price of cotton is determined by 
the modernized parity formula. It is the purpose of this 
section to compute parity prices from each of the alternatives 
presented above. Comparisons can then be made with the 
results of the modernized parity prices and with (or among) 
the results of the various alternatives. Given the empirical 
results of each of these alternatives, the advantages and 
disadvantages of these various alternatives can then be 
compared to determine which method provides the most accurate 
measure of the cotton farmers' economic status and best re­
flects changes in the costs of producing cotton. 
Alternative Base Periods for Cotton 
In order to compute parity prices of cotton under the 
same modernized parity formula for different base periods, 
all that is needed is the United States market price of cot­
ton and the indexes of prices received and prices paid by 
farmers. The data for these series are available back to 
1910 from the Agricultural Marketing Service, United States 
Department of Agriculture (32, 33)» Trends in prices re­
ceived and paid by farmers and the parity ratio are shown 
in Figure 3 from 1910 to 1957. In choosing alternative base 
periods from this period, the years from about 1915 to the 
early 1920's, the first half of the 1930's and the first half 
Figure 3. Indexes of prices received by farmers for agricultural 
commodities, prices paid by farmers for commodities, 
interest, taxes and wage rates, and parity ratio, 
United States (32, p. 52) 
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of the 1940's can be omitted, since these years were involved 
in major wars and serious depressions. The alternative base 
periods considered for the computation of the modernized 
parity prices of cotton are 1923-29, 1935-39> 1949-54, and 
1947-56. 
The equation for computing the modernized parity price 
of any product was given above (p. 20). For example, the 
modernized parity price of cotton using the 1935-39 base 
period is given by 
The modernized parity prices of cotton for the base 
periods 1923-29, 1935-39» 1949-54, and 1947-56 are compared 
to the present modernized parity prices of cotton in Table 1 
for the period 1930 through 1957. The parity prices of cot­
ton computed from the 1949-54 and 1947-56 base periods are 
not significantly different from the present modernized parity 
prices computed from the 1910-14 base period, each series 
being only about two per cent lower than the present modern­
ized parity prices. The parity prices computed from the 
1923-29 and 1935-39 base periods, however, are somewhat lower 
than the present modernized parity prices of cotton. Neither 
of these two periods would be satisfactory in computing parity 
prices of cotton or any other commodity, since they are too 
P 
t 
4l 
Table 1. Modernized parity prices of cotton computed for 
alternative base periods and present modernized 
parity price of cotton 
Year Alternative base periods Present 
1923-29 1935-39 1949-54 1947-56 modernized 
base base base base parity price 
1910-14 base 
(cents per pound) 
1930 $.179 1.169 $.194 $.193 $.197 
1931 .158 .150 .171 .170 .174 
1932 .132 .124 .142 .142 .145 
1933 .122 .115 .132 .131 .135 
1934 .126 .119 .136 .136 .139 
1935 .126 .119 .136 .135 .139 
1936 .123 .116 .132 .132 .135 
1937 • 133 .126 .144 .143 .147 
1938 .116 .109 .125 .124 .127 
1939 .110 .104 .119 .119 .121 
1940 .108 .102 .117 .117 .119 
1941 .120 .113 .129 .129 .132 
1942 .148 .140 .160 .159 .163 
1943 .170 .160 .183 .183 .187 
1944 .176 .166 .190 .189 .193 
1945 .180 .169 .194 .193 .197 
1946 .19 8 .187 .214 .213 .218 
1947 .239 .226 .258 .257 .263 
1948 .269 .254 .290 .289 .295 
1949 .260 .245 .280 .279 .286 
1950 .26 7 .252 .288 .28 7 .294 
1951 • 308 .291 .332 .331 
.33? 
1952 .313 .295 .338 .336 .344 
1953 .304 .287 .328 .327 • 335 
1954 • 311 .294 .336 .334 .342 
1955 • 317 .300 .343 .341 .349 
1956 .328 .313 .354 .361 
1957 .339 .320 .3*66 .364 .373 
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far in the past to be representative of present-day agricul­
ture* Several important forces have been at work in the cot­
ton industry in recent years to lower production costs. 
These include a shift in the geographic location of cotton 
production, the rapid adoption of tractor powered equipment 
and mechanical harvesters on Cotton Belt farms, an increase 
in the effective amount of chemical fertilizer applied to 
cotton, an increase in the use of insecticides, the tentative 
adoption of chemical harvest aids and herbicides in many 
parts of the Belt, and the development of supplemental ir­
rigation in areas of traditional dependence on rainfall but 
with occasional drought. The development of surface irriga­
tion in the Western area (Arizona, California, Nevada, and 
New Mexico) that started during and following World War I 
has been followed by development of irrigation wells for 
supplementary water (24, 25). 
A change in the base period to 1949-54 or 1947-56 would 
eliminate only one of the limitations of the present modern­
ized parity formula. It would recognize that there is no 
sound argument for retaining a base period which is now more 
than 40 years past. However, the other limitations of the 
present modernized parity formula would remain. The parity 
index would still be the same for all farm products, would 
still ignore changes in quantities sold, would still ignore 
changes in quantities purchased, and would still ignore 
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changes in production coefficients. 
Separate Parity Indexes for Cotton 
As shown earlier, separate parity indexes may refer 
either to a single parity index for one commodity computed 
for the United States or to indexes of prices paid for com­
modities used in farming areas producing mainly the one crop 
under consideration. 
In order to compute the parity price of cotton from a 
single cotton parity index, an index based on items used in 
the production of cotton is needed. Such an index has been 
computed by the United States Department of Agriculture for 
cotton for the years 1945 through 1955 for the base period 
1947-4-9 (30, p. 13). The parity prices, computed by multi­
plying the price index for each year by the parity price 
for the same year, as then calculated, are shown in column 
1 of Table 2. These parity prices were converted to the 
1949-54 base period level to enable comparisons with later 
parity price computations. Parity prices computed from the 
present modernized parity formula are shown in column 3 of 
Table 2 for comparison purposes. It is noted that the parity 
prices computed from the single parity index for cotton change 
in about the same proportion from 1945 to 1955 as the present 
modernized parity prices of cotton and are slightly higher 
than the present modernized parity prices of cotton in all 
44 
Table 2. Parity prices of cotton computed from a single 
parity index for cotton and from an efficiency 
index for cotton and modernized parity price of 
cotton (1949-54 base) 
Year Parity price Parity price Modernized 
computed from computed from parity 
single parity efficiency price 
index index 
(1) (2) (3) 
(cents per pound) 
1945 $.248 $.248 $.194 
1946 .275 .289 .214 
1947 .302 .278 .258 
1948 .331 .273 .290 
1949 .317 .280 .280 
1950 .316 .306 .288 
1951 .361 .336 .332 
1952 .385 .342 .338 
1953 .375 .306 .328 
1954 .369 .291 .336 
1955 .381 .263 .343 
of these years. 
This formula differs from the present parity formula in 
two important respects (30, p. 14). Items used in family 
living are given weights and are included in present parity 
calculations but not in the single parity index for cotton. 
The present parity formula includes and gives weight only to 
items which are purchased, and weights are assigned on the 
basis of relative importance in total purchased items. In 
the single index for cotton weight is given to each item used 
even though only a part of the item may be purchased; that 
is, part of the item may be purchased and part of it may be 
produced on the farm. 
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Since the above parity index for cotton has been computed 
only for a few recent years, and because of difficulties in 
computing such an index, we will turn to a second method of 
computing parity prices from separate parity indexes. This 
method involves the computation of modernized parity prices 
by areas of cotton production. 
Indexes of prices received and prices paid for commodities 
used in production for 27 types of farms in several major 
farming areas in the United States are available from the 
Agricultural Research Service, United States Department of 
Agriculture in annual statistical bulletins of farm costs 
and returns (6, 34). The locations of these areas are shown 
in Figure 4. These data will be discussed in the following 
section on parity returns to resources. Although these farms 
are not necessarily representative of all farms involved in 
the production of a particular commodity over the nation as 
a whole, they approximate the variation in price trends for 
production items that might be expected between farms produc­
ing different commodities and also the variation between 
areas producing the same commodity. 
In the case of cotton, the six areas (southern Piedmont, 
Black Prairie, non-irrigated High Plains, irrigated High 
Plains, Mississippi Delta large farms, and Mississippi Delta 
small farms) available from the costs and returns bulletins 
probably are not representative of the production of cotton 
Figure 4. Location of types of commercial family-operated 
farms (6) 
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over the nation as a whole. This is due to the fact that 
none of the Western cotton area is included, and this is the 
area where the greatest advances in technology have taken 
place. Even among the six cotton areas included here, there 
are large variations in the cost rates indexes. 
If the modernized parity formula is used to compute the 
parity prices of cotton for each of the six cotton areas, 
differences will result because of the variation in the parity 
index between areas and the differences in the adjusted base 
price among the six areas. 
Parity prices computed from the modernized parity formula 
for the six cotton areas, using area indexes of prices re­
ceived and prices paid, are shown in Table 3* These parity 
prices of cotton have been adjusted to "cotton at the 
southern Piedmont location" equivalents. This adjustment 
was made so that the differences in parity prices among the 
six areas are due to differences in input prices among areas 
but not to differences in the market price of cotton among 
areas. The adjustment was made by multiplying the parity 
prices in each area by the ratio of the preceding ten year 
sum of cotton prices existing in the southern Piedmont to 
the preceding ten year sum of cotton prices existing in each 
area. These parity prices were computed from indexes of 
prices received and paid for the base period 1947-49, but 
were converted to the 1949-54 base to allow for comparison 
Table 3. Parity price of cotton computed from modernized parity formula using 
area indexes of prices received and paid for six cotton areas and 
modernized parity price of cotton computed from U.S. indexes of prices 
received and paid for southern Piedmont area (1949-54 base) 
Year Southern Black High Plains Miss. Delta Average Modernized 
Piedmont Prairie Non- Irrigated Large Small of all parity 
irrigated farms farms areas urice 
(cents per pound) 
1930 $.141 $.136 $.138 $.194 
1931 .109 .107 .108 .166 
1932 .095 .098 .096 .140 
1933 .112 .101 .106 .133 
193*+ .129 .121 .125 .139 
1935 .129 .133 .131 .135 
1936 .132 .127 
$.141 
.130 .131 
1937 .135 .127 .134 .137 
1938 .129 .12 7 .151 .136 .127 
1939 .135 .130 .144 .136 .120 
1940 .138 .130 .151 .140 .117 
1941 .150 .158 .164 .157 .129 
1942 .193 .181 .191 .188 .159 
1943 .209 .203 .220 
$.243 
.211 .183 
1944 .223 .225 .237 $.217 $.226 .228 .192 
1945 .236 .228 .238 .241 .222 .227 .232 .197 
1946 .269 .248 .269 .272 .278 .252 .265 .217 
1947 .289 .293 .317 • 317 .295 .286 .300 .264 
1948 .313 .302 .319 .334 .307 .314 .315 .296 
1949 .294 .310 .327 • 334 .295 .307 .311 .286 
1950 •312 .309 •335 .333 .331 .319 .323 .294 
1951 .360 .352 .361 .368 .348 .352 .357 .339 
Table 3. (Continued) 
Year Southern Black High Plains Miss» Delta Average Modernized 
Piedmont Prairie Non- Irrigated Large Small of all parity 
irrigated farms farms areas price 
1952 
1953 
195% 
• 359 
.351 
.3^2 
.3 57 
.346 
.343 
• 356 
• 379 
.331 
.364 
.347 
.338 
.363 
.336 
.349 
.358 
.350 
• 350 
.360 
•352 
.342 
.345 
.339 
.347 
1955 
1956 
1957 
.375 
• 361 
.373 
.345 
• 365 
.368 
.353 
.361 
• 367 .36 7 
.347 
• 356 
• 372 
.347 
.349 
.354 
• 353 
.358 
.367 
.355 
.369 
.380 
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with parity prices computed from other parity formulas used 
later on in this study. 
There appears to be some difference in the movement over 
time of the area parity prices shown in Table 3* The dif­
ferences in the area parity prices between the southern Pied­
mont and Black Prairie are due mainly to differences in the 
index of prices paid. Differences in the index of prices 
paid among areas may be due to differences in the make-up 
of the "input bundle" and to differences in the prices of 
items purchased for production purposes. For example, in 
1955 the parity price of cotton in the southern Piedmont was 
9 per cent greater than the parity price in the Black Prairie. 
In the same year the index of prices paid (1949-54 base) was 
108 in the southern Piedmont compared to an index of only 
99 In the Black Prairie. The differences between the area 
parity prices for all areas during the period 1937 to 1950 
are due to differences in the index of prices received as 
well as to the index of prices paid. The differences since 
1950 are explained mainly by differences in the index of 
prices paid. The higher parity prices in the two High Plains 
areas from 1937 to 1950 are explained by the fact that the 
ten year moving averages of the index of prices received in 
these two areas were lower than in the other four areas. 
In order to compare the parity prices computed from the 
six area parity indexes to the modernized parity price, it 
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was necessary to compute the modernized parity price of cot­
ton in the southern Piedmont area (Table 4). In this computa­
tion, the average price of cotton received by farmers in the 
southern Piedmont area during the preceding ten years was 
divided by the average of the United States index of prices 
received for the same period (col. 2 C- col. 4) to obtain the 
adjusted base price for cotton (col. 5)• The adjusted base 
price was constructed using prices for the southern Piedmont 
area from 1930 to 1957. Prices at the southern Piedmont 
location were approximated for the period 1920 to 1929 by 
lowering the United States prices to the southern Piedmont 
level. 
Multiplying the adjusted base price by the current United 
States index of prices paid (col. 5 x col. 6) gives the 
modernized parity price for the southern Piedmont area (col. 
7). In columns 8 and 9 the modernized parity prices have 
been converted to the 1937-41 and 1949-54 base periods by 
multiplying the modernized parity prices based on the 1910-14 
base period by .85 and .99, respectively. The ratios .85 
and .99 are equal to the average index of prices received 
divided by the average index of prices paid for the periods 
1937-41 and 1949-54, respectively. 
Two comparisons may be noted between the parity prices 
of cotton computed from the parity indexes by areas and those 
computed from the modernized parity formula for the southern 
Table 4. Computation of modernized parity price of cotton, using average farm 
prices of cotton in the southern Piedmont area and U.S. indexes of 
prices received and prices paid 
Year Prices received U.S. prices re­
in southern ceived index 
Piedmont 
Adjusted 
base 
Current 
Current 
TTT 
10 year 
moving 
average 
—Wr-
10 year price 
moving 
average 
(1910-14=100) (2)f(4) 
TTT W) C5T 
u.s. 
prices 
paid 
index 
(1910-
14=100) 
Modernized 
parity 
price of 
cotton 
(5)X(6) 
(7T 
Modernized 
parity prices 
adjusted to 
19^7= 1949-
T51 (97 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1.223 
.138 
.193 
.254 
.273 
.202 
.174 
.134 
.190 
.174 
.094 
.057 
.065 
.090 
.128 
.109 
.126 
.087 
.087 
.092 
211 
124 
131 
142 
143 
l4o 
148 
148 
.195 125 148.8 $.131 151 $.198 $.168 $.194 
.183 87 140.2 .130 130 .169 .143 . 166 
.175 65 136.5 .128 112 .143 .121 .140 
.162 70 129-9 .124 109 .136 .115 .133 
.145 90 122.7 .118 120 .142 .120 .139 
.131 109 117.4 .111 124 .138 .117 .135 
.122 114 112.7 .108 124 .134 .113 .131 
.117 122 109.6 .106 131 .140 .119 .137 
.112 97 107.8 .104 124 .129 .109 .127 
.102 95 102.7 .099 123 .122 .103 .120 
» 
Table 4. (Continued) 
Year Prices received U.S. prices re- Adjusted U.S. Modernized Modernized 
in southern ceived index base prices parity parity prices 
Piedmont Current 10 year 
moving 
average 
(1910-14=100) 
price 
(2)7(4) 
paid 
index 
(1910-
14=100) 
price of 
cotton 
(5)X(6) 
adjusted to 
Current 10 year 
moving 
average 
1949-
54 
(1) (2) (3) (4) (5) ( 6 )  (7) (8) (9) 
1940 .096 .094 100 97.4 .096 124 .119 .101 .117 
1941 ,174 .094 124 94.9 .099 133 .131 .ill .129 
1942 .192 .105 159 98.6 .107 152 .162 .137 .159 
1943 .206 .118 193 108.0 .109 171 .187 .158 .183 
1944 .213 .130 197 120.3 .108 182 .196 .166 .192 
1945 .221 .138 207 131.0 .106 190 .200 .169 .196 
1946 .349 .149 236 140.8 .106 208 .221 .187 .217 
1947 .322 .172 276 153.0 .112 240 .269 .228 .264 
1948 .310 .195 28 7 168.4 .116 260 .301 .255 .295 
1949 .292 .218 250 187.4 .116 251 .291 .246 .285 
1950 .406 .238 258 202.9 .117 256 .300 .254 .294 
1951 .387 .268 302 218.7 .123 282 .346 .293 .339 
1952 .386 .290 288 236.5 .122 287 .352 .298 .345 
1953 .333 .309 258 249.4 .124 279 .346 .293 .339 
1954 .354 .322 249 255.9 .126 281 • 354 .300 .347 
1955 .343 .336 236 261.1 .129 281 .362 .307 .355 
1956 .331 .348 235 264.0 .132 285 .376 .318 .369 
1957 .323 .346 242 263.9 .131 295 .387 .328 .380 
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Piedmont. First, the modernized parity price fell relative 
to the parity prices computed from the area parity indexes 
until 1940. Second, from 1940 to 1957 the modernized parity 
price increased relative to the parity prices computed from 
the area parity indexes. 
The limitations of using a separate cotton parity index 
to compute cotton parity prices, either a single parity index 
for the United States as a whole or area parity indexes, may 
be summarized as following: (l) difficulties arise in comput­
ing a separate parity index for cotton that reflects costs of 
producing cotton in different areas ; (2) changes in efficiency 
are not accounted for, and (3) these parity prices have some 
of the same weaknesses as the present modernized parity price, 
such as failing to use current quantities sold and purchased 
as weights. 
Efficiency Modifier for Cotton 
The preceding alternatives for computing parity prices 
have included only two components, an adjusted base price and 
an index of factor prices. In order to include a third 
component to allow for changes in efficiency, an index of 
efficiency is needed. Such an index has been computed by 
the United States Department of Agriculture for cotton for 
the period 1945 to 1955 (30, p. 14). These parity prices, 
computed by multiplying the parity prices computed from the 
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single parity index of cotton production by an index of quan­
tity of inputs per bale of cotton produced, are shown in 
column 2 of Table 2. These parity prices have also been 
converted from the 1947-49 to the 1949-54 base period level. 
The application of the efficiency index to the parity price 
of cotton computed from the parity index of cotton would have 
reduced the price substantially during most of the years 
considered. For example, the parity price of cotton computed 
from the single cotton parity index was about 38.1 cents in 
1955. Multiplying this price by the efficiency index would 
have lowered the parity price of cotton to about 26.3 cents 
a pound. 
Several limitations of using this efficiency index in 
calculating the parity price of cotton can be noted. First, 
the choice of the base period can result in a considerable 
difference in the parity price for any given year. Second, 
no method was used to remove the effects of weather, which 
cause year to year variations in cotton yield. Third, an 
index of cotton input-output ratios for the United States 
would not indicate the differences that occur in efficiency 
between cotton producers and areas. 
Thus the preceding three alternatives relating to parity 
price computations do not serve as good indicators of the 
farmers economic status nor of changes in costs of production, 
for the following reasons : (l) these alternatives, like the 
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present modernized parity formula, do not take into account 
current quantities sold and purchased; (2) they do not reflect 
changes in the technological input-output relationships which 
vary among areas; and (3) they do not account for variations 
in production brought about by variations in weather condi­
tions. 
Parity Returns to Resources in Six Cotton Areas 
The data used in this part of the study were obtained 
from Wylie Goodsell of the Agricultural Research Service, 
United States Department of Agriculture (6, 34). The data 
used are for commercial farms, by homogeneous type of farming 
areas, and are designed to represent the types of commercial 
farms in the areas shown in Figure 4. The data provide de­
tailed farm input and output data on a per farm basis for 
commercial family operated farms of the specific type for 
areas sampled. "Per farm" in this case refers to the average 
of the farms in a specific area. All farms are treated as 
owner-operated units. A commercial family-operated farm is 
one that is managed and operated largely with the family and 
labor force, provides the family with its main form of em­
ployment and source of income, and produces farm products 
ranging in value from $1,200 to $20,000 at 1944 levels of 
prices and values. The total investment per farm does not 
exceed $70,000, and the operator does not work off the farm 
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more than 100 days during the calendar year (6, p. 5). 
These costs and returns series are developed largely 
from data obtained from the United States Census of Agri­
culture, rural carrier and mailed questionnaires sent to 
farmers by the Agricultural Estimates Division, Agricultural 
Marketing Service, and enumerative field surveys (6, p. 3). 
In the Goodsell data, the return to operator and family 
labor is the return to the operator and unpaid members of the 
family for labor and management used on the farm during the 
calendar year after all production expenses have been met 
and appropriate charges have been made for the use of capital 
employed in the farm business. Gross farm income includes 
all sales, physical changes in inventory valued at year end 
prices, food produced and consumed on the farm valued at 
prices received by farmers, an allowance for house rent equal 
to 8 per cent of the current value of the house, custom work 
done for others, and direct government payments. Direct 
government payments include soil bank payments in the years 
1956 and 1957. Operating expenses include cash expenditures 
paid during the calendar year for goods and services used in 
production and an adjustment for the depreciation of machinery 
and buildings. The charge for capital is the current value 
of land and buildings times the current interest rate on farm 
mortgages on this kind of property in the area plus estimated 
current value of working assets times the interest rate on 
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immediate and short term farm loans (6). 
These Goodsell data for six important types and sizes 
of cotton farms in 4 major cotton areas in the United States 
are used for the empirical application of the procedures and 
computations set forth earlier for a parity formula based on 
resource returns. Each of the six types of cotton areas 
hereafter will be referred to merely as cotton areas. Four 
of the areas, the southern Piedmont, Black Prairie of Texas, 
nonirrigated cotton farms in the High Plains of Texas, and 
irrigated cotton farms in the High Plains of Texas, represent 
average commercial family operated farms of a particular type 
located within comparatively homogeneous cotton areas. Two 
areas, large farms in the Mississippi Delta and small farms 
in the Mississippi Delta, pertain to "size-type" commercial 
family-operated farms, representing farms that are larger and 
smaller than average commercial family-operated farms. The 
data for two cotton areas, the southern Piedmont and Black 
Prairie of Texas, are complete from 1930 to 1957; the data 
for one, nonirrigated cotton farms in the High Plains of 
Texas, commences with 1937; and the data for the remaining 
three areas contain only the years 1944 to 1957. These areas 
will hereafter be referred to as the southern Piedmont, Black 
Prairie, nonirrigated High Plains, irrigated High Plains, 
Mississippi Delta large farms, and Mississippi Delta small 
farms. 
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The yearly and hourly returns to operator and family 
labor, taken from the Goodsell reports, are shown in Tables 
5 and 6, respectively, for the six cotton areas. The earnings 
of manufacturing workers are shown in the last column of each 
of these tables for comparison purposes. 
Several characteristics of these two tables are worth 
noting. First, the returns to farm labor during the 1930's 
were generally very low. Average labor returns were negative 
in some of the early years of this period. Second, labor 
returns in these areas show moderate year to year variation 
except in the nonirrigated High Plains area where rainfall 
limits production. A third characteristic of these data is 
the large differences in labor returns among areas. Yearly 
labor and management returns to operators in the Mississippi 
Delta large farms area are approximately 10 times as great 
as returns to operators in the southern Piedmont area. 
Computation of parity returns indicator 
Parity gross income as defined earlier was computed for 
the six cotton areas, using the alternative base periods, 
1937-41 and 1949-54. It is not the purpose of this study to 
specify the correct base period to use for parity comparisons. 
It was shown earlier that an ideal base period should be 
fairly representative of the kind of agriculture that is 
likely to prevail for some years ahead and should reflect a 
Table 5* Yearly return to operator and family labor on cotton farms3 compared^ 
with yearly earnings of employed production workers in manufacturing 
Year Southern Black High Plains Mississippi Delta Earnings 
Piedmont Prairie Non-
irrigated 
Irrigated Large 
farms 
Small 
farms 
of 
manufac­
turing 
workers 
1930 
1931 
1932 
1933 
1934 
$ -24 
-114 
-90 
222 
288 
$ 91 
-185 
-26 
473 
519 
(Dollars) 
$1,209 
870 
957 
1935 
1936 
1937 
1938 
1939 
302 
393 
208 
237 
347 
605 
V& 
493 
574 
Si,269 
462 
929 
1,047 
1,133 
1,251 
1,160 
1,241 
1940 
1941 
1942 
1943 
1944 
384 
361 
795 
732 
831 
644 
924 
944 
1,577 
1,224 
844 
!;S 
3,808 
3,735 $4,448 $8,344 $1,127 
l'MÎ 
1,906 
1:61 
1945 
1946 
1947 
1948 
1949 
912 
si 
1,212 
m 
2,131 
2,219 
l,l4l 
1,622 
7,529 
1,982 
6,256 
i:S£ 
9,350 
ll|834 
14,808 
24,553 
8,799 
1,075 
1^249 
2,308 
2,279 
2,598 
2,815 
2,856 
a Source of data: (6, 34). 
'Source of data: (36). 
Table 5« (Continued) 
Year Southern Black High Plains Mississippi Delta Earnings 
Piedmont Prairie Non- Irrigated Large Small of 
irrigated farms farms manufac­
turing 
workers 
1950 852 2,392 4,571 8,596 21,872 1,592 3,085 
1951 1,808 1,401 5,458 11,714 10,622 1,273 3,365 
1952 1,391 2,085 54l 9,169 18,909 1,586 3,534 
1953 1,143 2,582 -2,172 5,207 18,302 1,679 3,728 
1954 680 752 2,912 9,460 11,012 1,197 3,737 
1955 1,521 1,501 929 3,563 19,798 1,627 3,979 
1956 756 -260 880 9,054 12,133 1,233 4,163 
1957 772 404 4,989 7,501 2 619 583 4,284 
Table ! 6. Hourly return to operator and family labor on cotton . farms3 compared. 
with hourly earnings of employed production workers in manufacturing 
Year Southern Black High Plains Mississippi Delta Earnings 
Piedmont Prairie Non- Irrigated Large Small of 
irrigated farms farms manufac­
turing 
workers 
(Dollars) 
1930 $-.01 $ .03 » $ .55 
1931 -.04 — * 06 .52 
1932 - • 03 -.01 .45 
1933 .07 .14 .44 
^Source of data: (6, 34). 
^Source of data: (36) 
Table 6. (Continued) 
Year Southern Black High Plains Mississippi Delta Earnings 
Piedmont Prairie Non- Irrigated Large Small of 
irrigated farms farms manufac­
turing 
workers 
1934 .10 .17 .53 
1935 .10 .20 .55 
1936 .13 • 25 
$ .56 
•56 
1937 .07 .21 .62 
1938 .08 .16 .20 • 63 
1939 .12 .19 .41 .63 
1940 .14 .22 .36 . 66 
1941 .12 • 33 1.09 .73 
1942 • 27 .34 1.40 .85 
1943 .25 .52 1.73 • 96 
1944 .28 .41 1.72 Si. 89 S2.61 S .41 1.02 
1945 .32 .43 • 52 .51 2.10 .40 1.02 
1946 .49 .64 .76 2.07 3.70 .59 1.09 
1947 • 43 1.02 3.95 5.07 4.63 . 6l 1.24 
1948 .48 .79 • 91 2.47 7.67 .78 1.35 
1949 .22 .85 3.26 4.28 2.75 .44 1.40 
1950 .31 .95 2.31 3.69 6.84 .62 1.46 
1951 .64 .55 2.84 5.58 3.32 .47 1.59 
1952 • 50 .84 .27 4.14 5.91 .62 1.67 
1953 .41 1.09 -1.18 2.32 5.72 .65 1.77 
1954 .26 .33 1.37 4.04 3.44 .48 1.81 
1955 .59 . 66 .42 1.50 6.19 .66 1.88 
1956 .31 -.11 .41 3.77 3-79 .53 1.98 
1957 • 33 .18 2.23 3.07 .82 .24 2.07 
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fairly stable price situation, unaffected by wars and depres­
sions. For the cotton areas, the period 1949-54 is fairly 
comparable to the 1947-56 period, the period recommended by 
the United States Department of Agriculture for parity price 
computations (29). The alternative base period 1937-41 is 
included for comparison purposes. These periods were used 
to enable comparisons with corn, wheat, and dairy areas for 
which the parity returns formula has also been applied (21). 
The ratios of hourly farm labor returns to hourly earn­
ings of manufacturing workers for the six cotton areas are 
shown in Table 7. The returns to operator and family labor 
were higher relative to nonfarm returns during the latter 
period, being about twice as great in the southern Piedmont 
area, one-third greater in the Black Prairie area, and about 
the same in the nonirrigated High Plains area. 
Table 7» Ratio of returns per hour of operator and family 
labor to the hourly earnings of manufacturing 
workers 
Type of farming area Base periods 
1917-1+1 1959^? 
Southern Piedmont .16 .24 
Black Prairie .34 .48 
Nonirrigated High Plains .80 .92 
Irrigated High Plains a 2.47 
Mississippi Delta large farms a 2.88 
Mississippi Delta small farms a .34 
aData not available. 
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The parity returns indicators (the ratio between actual 
gross income and parity gross income times 100) for the six 
cotton areas and the United States parity price ratio are 
shown in Tables 8 and 9 for the 1937-41 and 1949-54 base 
periods, respectively. The United States parity price ratio 
has been converted from the 1910-14 base to the 1937-41 and 
1949-54 bases through multiplication by a constant factor. 
The effect on the parity returns indicator of the choice be­
tween the two base periods is significant in the southern 
Piedmont and Black Prairie areas, but the difference in the 
nonirrigated High Plains area between the two periods is 
small. In general, the difference in the level of the parity 
returns indicators computed on the two base periods is not 
as great for the cotton areas as it is for other types of 
farming areas (21). The difference between the two series 
on the two different base periods merely emphasizes the fact 
that this index, like any other index, compares the current 
situation with the situation that existed during the base 
period. 
Although the parity returns indicator may differ con­
siderably from the United States parity ratio in individual 
years, little evidence is noted of a trend in one series 
relative to the other. The area parity returns indicators 
tend to fluctuate over a greater range than the United States 
parity price ratio, due mainly to fluctuations in yields 
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Table 8. Parity returns indicators for three cotton areas 
compared with the U.S. parity price ratio (1937-
41 base) 
Year Southern Black Nonirri­ Average U.S. parity 
Piedmont Prairie gated High of all price ratio 
Plains areas 1937-41=100 
1930 83 76 80 98 
1931 73 59 66 79 
1932 70 64 67 68 
1933 101 98 100 76 
1934 103 98 100 88 
1935 103 103 103 104 
1936 110 112 ill 108 
1937 94 100 103 99 110 
1938 94 92 78 88 92 
1939 104 96 93 98 91 
1940 107 99 89 98 95 
1941 100 112 130 114 110 
1942 121 106 133 120 124 
1943 113 120 139 124 133 
1944 115 106 131 117 128 
1945 119 107 86 104 129 
1946 134 122 96 117 134 
1947 123 138 168 143 136 
1948 123 118 95 112 130 
1949 100 118 138 119 118 
1950 108 123 128 120 119 
1951 127 100 130 119 126 
1952 115 110 78 101 118 
1953 108 116 34 86 109 
1954 98 88 100 95 105 
1955 117 100 77 98 100 
1956 99 69 74 92 97 
1957 100 82 111 98 100 
Table 9» Parity returns indicators for six cotton areas compared with the U.S. 
parity price ratio (1949-54 base) 
Year Southern Black High Plains Mississippi Delta Average U.S. parity 
Piedmont Prairie Nonirri­ Irri­ Large Small of all price ratio 
gated gated farms farms areas 1949_54=100 
1930 77 69 73 85 
1931 6 7 53 60 68 
1932 63 56 60 59 
1933 91 86 88 65 
1934 94 86 90 76 
1935 92 89 90 90 
1936 100 98 99 94 
1937 85 88 99 91 95 
1938 84 80 74 79 80 
1939 94 84 88 89 78 
1940 96 87 84 89 83 
1941 89 98 123 103 95 
1942 109 93 127 110 107 
1943 102 106 132 113 115 
1944 104 94 126 89 98 111 104 110 
1945 108 95 81 60 94 108 91 111 
1946 122 109 91 90 104 129 108 115 
1947 112 124 162 125 106 122 125 117 
1948 112 107 90 90 117 130 108 112 
1949 90 108 134 108 93 97 105 102 
1950 98 112 122 101 113 112 110 103 
1951 117 92 125 115 94 95 106 109 
1952 106 101 75 100 105 104 98 103 
1953 99 107 32 83 103 103 88 94 
1954 90 80 95 97 91 91 91 91 
Table 9» (Continued) 
Year Southern Black High Plains Mississippi Delta Average U.S. parity 
Piedmont Prairie Nonirri- Irri- Large Small of all price ratio 
gated gated farms farms areas 1949-54=100 
1955 107 91 74 75 104 102 92 86 
1956 90 62 71 91 91 93 83 84 
1957 91 74 106 84 76 75 84 84 
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brought about by changing weather and other natural phenomena. 
One can note the yield effect on the parity returns indicators 
in the southern Piedmont and the two Mississippi Delta areas 
in such years as 1946, 194?, 1948, and 1957* In the Black 
Prairie and the two High Plains areas of Texas the yield ef­
fect on the parity returns indicators is especially notable 
in the years 1943, 1947, 1949, and 1953. One of the major 
factors affecting yield is weather, and since most of the 
areas have different climates, the yield effects on the parity 
returns indicator are often quite different among areas for 
any given year. 
Computation of parity returns prices of cotton 
The equation for computing the parity returns price of 
any product was given above (p. 33). The parity returns 
price of cotton, which is equivalent to the parity returns 
price formula given above, is as follows: 
W1 
Tp^i + vÇ P0LqlL 
p3= =  
where represents the current production of the jth product 
and rj represents the average price of the jth product during 
the previous ten years divided by the average price of cotton 
during the preceding ten years. Thus, a unit of the jth 
product is expressed in terms of pounds of cotton by using 
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the ratios among the market prices existing during the pre­
ceding ten years. The £rthen represents the current 
production per farm expressed in cotton value equivalents*. 
In the discussion that follows the quantity Zr^Q^ will be 
abbreviated to ZrQ. The ZrQ in the above formula may refer 
either to current production or to some estimate of a normal 
production figure. 
The quantity produced in an individual year, Q, is equal 
to the sum of the quantity sold, the change in inventory and 
the quantity consumed in the home less the net purchases of 
grain and livestock. The net purchases of grain and live­
stock are too small in the cotton areas to be of any sig­
nificance, but were treated as negative quantities in comput­
ing the ZrQ to make the computations comparable with other 
commodities for which the parity returns formula has also 
been applied (21). 
The ten year average market price of cotton in the south­
ern Piedmont area was used as a standard in computing the 
r's for each area. For example, the r for cotton in the 
^Cotton production makes up more than half of the total 
production on farms in the six cotton areas. The large farms 
in these areas are more specialized in cotton production 
than are the small farms. For example, in the irrigated 
High Plains and Mississippi Delta large farms areas cotton 
production accounted for 81 per cent of the total production 
for the period 1944-57. During the same period in the 
southern Piedmont area cotton production made up only 53 
per cent of the total production. 
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Black Prairie area for any year is equal to the preceding 
ten year sum of cotton prices existing in the Black Prairie 
area divided by the preceding ten year sum of cotton prices 
existing in the southern Piedmont area. Thus, the £rQ for 
each cotton area is the total production per farm expressed 
in "cotton at the southern Piedmont location" equivalents. 
The cotton parity returns prices computed by use of these 
IrQ, therefore, will differ between areas because of dif­
ferences in production coefficients and differences in input 
prices, but will not differ because of the market price dif­
ferentials arising from the location of the producing area. 
The r's were established by use of the averages over 
the immediately preceding ten year period, except for the 
years 1930 to 1939 in the southern Piedmont and Black Prairie 
areas and 1937 to 1946 in the nonirrigated High Plains area. 
The r's in the three areas with data available only since 
1944 were adjusted for the first ten years for the major 
products so that they changed in the same proportion as did 
the r's in the areas with data available from 1930 to 1957> 
The r's in the two Mississippi Delta areas were adjusted from 
1944 to 1953 to the r's in the southern Piedmont area and 
the r's in the irrigated High Plains were adjusted from 1947 
to 1953 to the r's in the nonirrigated High Plains area. 
Thus, the r's are constant from 1930 to 1939 in two areas, 
from 1937 to 1946 in one area, and from 1944 to 1946 in one 
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area. If the r's for relatively important products are 
changing rapidly, prices in the different areas will not be 
completely comparable. This error does not appear to be 
very large because of the importance of cotton in all areas. 
Adjusting the r's in the 1944-53 period to other areas helps 
to reduce the upward bias in the computation of the £rQ in 
these years. 
Parity returns prices computed from the current produc­
tion IrQ Gross income, as taken from the Goodsell data, 
is composed of sales, changes in inventory, farm products 
used in the home, net house rent, custom work done for others, 
and direct government payments. Since the ZrQ includes only 
sales, inventory changes, farm products used in the home, 
and purchases of livestock and grain, the remaining com­
ponents - the rental allowance for the farm home, custom 
work done for others, purchases of grain and livestock, and 
direct government payments - were subtracted from the parity 
gross income before dividing by the current production ZrQ 
to obtain the parity returns price of cotton. The parity 
returns prices of cotton for the six areas, together with 
the modernized parity price of cotton and the price received 
by farmers in the southern Piedmont area, are shown in Tables 
10 and 11 for the two base periods 1937-41 and 1949-54, 
respectively. Since no appropriate modernized parity price 
is available for different areas, it was necessary to compute 
Table 10. Area parity returns prices of cotton and modernized parity prices of 
cotton (1937-41 base; 
Year Southern Black Nonirri- Average Modernized Prices received by 
Piedmont Prairie gated High of all parity farmers, southern Pied-
Plains areas price mont area 
1930 $ .138 $ .141 S .140 S .168 S .094 
1931 .105 .102 .104 .143 .057 
1932 .113 .093 .103 .121 .065 
1933 .091 .082 .086 .115 .090 
1934 .123 .120 .122 .120 .128 
1935 .105 .101 .103 .117 .109 
1936 .118 .107 .112 .113 .126 
1937 .106 .097 S .086 .096 .119 .087 
1938 .104 .096 .127 .109 .109 .087 
1939 .092 .094 .112 .099 .103 .092 
1940 .093 .091 .119 .101 .101 .096 
1941 .156 .133 .108 .132 .111 .174 
1942 .146 .169 .127 .147 .137 .192 
1943 .194 .171 .158 .174 .158 .206 
1944 .187 .197 .160 .181 . 166 .213 
1945 .190 .203 .296 .230 .169 .221 
1946 .223 .247 .321 .264 .187 .349 
1947 .263 .237 .210 .237 .228 .322 
1948 .249 .265 . 676 .397 .255 .310 
1949 .281 .235 .198 .238 .246 .292 
1950 .306 .281 .280 .289 .254 .406 
1951 .281 .358 .311 .317 .293 .387 
1952 .323 .322 .452 .366 .298 .386 
1953 .300 .264 1.054 .539 .293 .333 
1954 • 347 .363 .332 .347 .300 .354 
Table 10. (Continued) 
Year Southern Black Nonirri- Average Modernized Price received by 
Piedmont Prairie gated High of all parity farmers, southern Pied-
Plains areas price mont area 
1955 .270 .286 .385 .314 .307 .343 
1956 .326 .450 .449 .408 .318 .331 
1957 .325 .363 .261 .316 .328 .323 
Table 11. Area parity returns prices of cotton and modernized parity prices of 
cotton (1949-54 base) 
Year Southern Black High Plains Mississippi Delta Average Modernized 
Piedmont Prairie Nonirri- Irri- LargeSmall of all parity 
gated gated farms farms areas price 
1930 s .150 $ .157 $ .154 S .194 
1931 .116 .115 .116 .166 
1932 .126 .107 .116 .140 
1933 .103 . 095  .099 .133 
1934 .138 .141 .140 .139 
1935 .119 .120 .120 .135 
1936 .133 .125 .129 .131 
1937 .119 .112 $ .091 .107 .137 
1938 .121 • 113 .136 .123 .127 
1939 .105 .113 .121 .113 .120 
1940 .105 .108 .127 .113 .117 
1941 .179 .156 .114 .150 .129 
1942 .165 .194 .134 .164 .159 
Table 11. (Continued) 
Year Southern 
Piedmont 
Black 
Prairie 
High Plains 
Nonirri- Irri­
gated gated 
Mississippi Delta 
Large Small 
farms farms 
Average 
of all 
areas 
Modernized 
parity-
price 
1943 .218 .19 7 . 166 
$ .234 
.194 .183 
1944 .209 .225 .16 7 $ .218 $ .189 .20 7 .192 
1945 .211 .231 .315 .403 .237 .207 .267 .196 
1946 .246 • 279 .339 .347 .306 .234 .292 .217 
1947 .292 .263 .218 .270 .306 .261 .268 .264 
1948 .275 .294 .711 .353 .258 .235 • 354 .295 
1949 • 314 .2 57 .204 .251 .295 .291 .269 .285 
1950 .342 • 313 .293 .371 .306 .309 .322 .294 
1951 .309 .395 .323 .351 .376 • 372 .354 .339 
1952 .354 .353 .471 .353 .346 .350 • 371 .345 
1953 .328 .28 7 1.115 .384 .305 • 313 .455 .339 
1954 .382 .4oo .349 .342 .369 .367 .368 .347 
1955 .296 • 314 .406 .402 .300 .306 .337 .355 
1956 .361 .502 .474 .364 .342 .345 .398 • 369 
1957 .362 .401 .274 • 357 .407 .431 • 372 .380 
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one. The computation of the modernized parity price of cot­
ton in the southern Piedmont area was summarized earlier and 
presented in Table 4. 
The parity returns prices of cotton in Tables 10 and 11 
are analogous to support prices based on "sliding scales" 
provided for under the Agricultural Act of 19^9. These 
parity returns prices move inversely with the current produc­
tion f rQ. If the average £rQ is used to represent "normal" 
supply, then one notes the high prices in years of below 
normal production and the low prices in years of above normal 
production. Thus, if the production ZrQ is not "normalized" 
to remove the effects of weather, then the parity returns 
prices of cotton will vary considerably from year to year. 
As a result of weather variations there are fairly wide 
fluctuations in the parity returns prices of cotton computed 
from the current production ZrQ. One notes that the parity 
returns price for some years may be at a high level in one 
area and at a low level in another area. This is due to the 
fact that high or low production of cotton does not always 
occur in all areas during the same crop year. The most ob­
vious is the year 1953 > in which the parity returns price of 
cotton, computed from the 19^9-54 base, varied from a low of 
$•29 per pound in the Black Prairie area to the extremely 
high price of $1.12 per pound in the nonirrigated High Plains 
area. The TrQ for the nonirrigated High Plains area was 
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extremely low in that year, due mainly to weather effects. 
The fluctuations in the ZrQ and hence in the parity 
returns prices are due in part to weather effects. Areas 
other than the nonirrigated High Plains are not troubled so 
much with lack of rainfall, but in all areas variations in 
yields can be explained to some extent by variations in rain­
fall and temperature. These weather effects tend to obscure 
changes in parity prices which arise from changes in input 
prices or from changes in the input-output ratios resulting 
from changes in technology. 
Parity returns prices computed from "normalized" produc­
tion ZrQ In order to remove the effects of weather and 
to formulate parity returns prices as a function of the ad­
justed base price, input prices, and technical input-output 
coefficients, a method is needed to "normalize" the produc­
tion TrQ. A moving average of production could be used to 
estimate the product quantities appearing in the ZrQ. This 
estimate, however, has several disadvantages. First, this 
estimate would be somewhat out of date, particularly during 
a period when trends in production coefficients are signif­
icant. Second, a simple moving average would not reflect 
the effect of an increase in the use of certain inputs such 
as fertilizer and insecticides on total production. 
A second method of "normalizing" production would be to 
use multiple regression techniques to estimate the input-
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output ratio as a function of time and weather conditions. 
By removing the variations in production which are caused by 
variations in weather conditions, variations in the total 
output per farm would arise from changes in the quantity and 
combination of inputs and changes in technology. An estimate 
of production under "average" weather conditions could then 
be obtained by multiplying the estimated trend value of the 
input-output ratio by the quantity of inputs. 
The input-output ratio * was formed for each area 
rPo^i 
and used as the dependent variable in the regression. Time 
and weather variables made up the independent variables. The 
inputs, Zp0qj> obtained from the Goodsell data, are computed 
with 1947-49 prices as weights. The capital inputs consist 
of quantities of items purchased for production purposes 
multiplied by respective 1947-49 prices plus the estimated 
current value of working assets (machinery and equipment, 
livestock, and crops on hand January 1 valued at 1947-49 
prices) times the 1947-49 interest rate on intermediate and 
short-term farm loans plus net change in inventory of power, 
machinery, and service buildings. The land input is calcu­
lated by multiplying the current acreage in the farm by the 
weighted average value of land and buildings per acre in the 
1947-49 period and then multiplying these annual average 
estimates of investment by the average 1947-49 mortgage 
interest rate. The labor inputs consist of hired labor 
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multiplied by respective 1947-49 wage rates plus operator 
and family labor and management valued at wage rates paid to 
hired labor in the 1947-49 period. 
In order to put these inputs on a comparable basis with 
the base period 1949-54 employed in the parity comparisons, 
the following modification was made; the input value, pQ, for 
operator and family labor was obtained by adjusting the actual 
return to labor during the 1949-54 period to the 1947-49 
level. This was done by dividing the hourly return to oper­
ator and family labor during the 1949-54 period by the hourly 
earnings of manufacturing workers during the same period and 
multiplying this quantity by the hourly earnings of manufac­
turing workers for the 1947-49 period. The input for oper­
ator and family labor is then obtained by multiplying the 
input value per hour by the total number of hours. Grain 
and livestock purchases are not included in the inputs since 
they are treated as negative outputs in this study. 
The weather variables constructed for the multiple re­
gressions were somewhat different for each of the cotton 
areas, since cotton is grown under a fairly wide range of 
temperature and moisture conditions throughout the Cotton 
Belt. However, cotton generally requires at least 200 frost-
free days of growing season and summer temperatures averaging 
about 77°F« In general, rains should be light during the 
planting and early growing season and the harvest season 
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should be dry and sunny (4). 
Weather variables were constructed and multiple regres­
sion was used to estimate a time trend in the ratio 
2-poql 
for all but one of the cotton areas. In the irrigated High 
Plains area time was the only independent variable used to 
estimate the time trend in the input-output ratio, since 
moisture conditions are artificially controlled by man in 
this area. It is only in the nonirrigated High Plains area 
that rainfall generally limits cotton production. In other 
areas too much rainfall may be the limiting factor in cot­
ton production. The break-off points for rainfall and tem­
perature used in the other areas were selected by studying 
years of relatively high production. In the discussion of 
the weather variables included in the regression, r will 
denote total monthly rainfall (inches) and T average monthly 
temperature (°F.). The subscripts jn, jl, a, s, and ps will 
denote June, July, August, seasonal, and preseasonal, re­
spectively. The weather variables included in the regres­
sions are as follows : 
Southern Piedmont: 
where 
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Tà = 
78°F. for T 1 78°F. 
(T for T % 78°F. ^ a a ' 
X3 = rjn 
where 
3-0" for r. 3.0" 
rjn = ] 
<-rjn for rjn * 3.0" 
In the southern Piedmont area the temperature and rain­
fall data are the averages for 15 stations located within 
the area (37). These averages and the weather variables 
constructed from the above formulas are shown in Appendix A 
(Table 20). 
Black Prairie area: 
\ = Th + Tà 
where 
Tjl = 
Tâ = 
85°F. for T^ ^ 85°F. 
T^ for Tj]L 2 85°F. 
82°F. for T i 82°F. 
a 
'T for T a 82°F. 
a a 
The temperatures, which are the averages for four sta­
tions located in the Black Prairie area, and the weather 
variables constructed from the above formulas are shown in 
Appendix A (Table 20). 
Nonirrigated High Plains area: 
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= ="pg 
where 
r = preseasonal rainfall from September through April ps 
X6 = 
where 
rg = seasonal rainfall from May through August 
The rainfall data, which are the averages for five sta­
tions in the High Plains area, are shown in Appendix A (Table 
20).  
Mississippi Delta area: 
where 
X7 = Ià 
8l°F. for Tq s. 81°F, 
m t _ J a 
a 
T for T * 8l°F. 
a a 
X8 * 
where 
rjn 
f3.0" for v.n ± 3-0" 
hn for rjn * 3'°" 
The temperature and rainfall data are the averages for 
20 stations located throughout the Mississippi Delta area and 
are shown in Appendix A (Table 20) with the weather variables 
constructed from the above formulas. The same temperature 
and rainfall variables were used in the regression analysis 
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for the large and small farms in this area. 
Time was entered in the regressions as a linear variable 
with the origin centered in the period covered. The period 
covered by the regression was 1930 through 1957 for the south­
ern Piedmont and Black Prairie areas, 1937 through 1957 for 
the nonirrigated High Plains area, and 1944 through 1957 for 
the remaining three areas. The variables other than time 
used in the regression analysis of each area are shown in 
Appendix A (Tables 19 and 20). The regression coefficients, 
standard errors, and correlation coefficients for the re­
gression analysis in each of the cotton areas are shown in 
Table 12. The regression coefficients for time in the six 
cotton areas each have a wide confidence interval at the 5 
per cent level. The confidence intervals for the regression 
coefficients for weather in each area are fairly narrow at 
the 5 per cent level. The correlation coefficient for the 
Black Prairie area is significant at the 1 per cent level; 
the correlation coefficients for the southern Piedmont, non-
irrigated High Plains, and irrigated High Plains areas are 
significant at the 5 per cent level; and the correlation 
coefficients for the two Mississippi Delta areas are sig­
nificant at the 10 per cent level. The input-output coef­
ficients and their standard errors are expressed in pounds 
of cotton. Thus the coefficients for time in Table 12 indi­
cate that the output of cotton (the ZrQ measures output in 
Table 12. Multiple regression statistics for area regressions 
Area Variable Corre- Degrees 
Time Weather lation of 
Regres­ Stand­ Rainfall Temperature coef­ freedom 
sion 
coef­
ficient 
ard 
error 
Regres­
sion 
coef­
ficient 
Stand­
ard 
error 
Regres­
sion 
coef­
ficient 
Stand­
ard 
error 
ficient 
Southern Piedmont .0079 .0071 -.0991 .0597 -.0822 .0377 .568 24 
Black Prairie -.0080 .0077 — — —  —  -.0833 .0256 . 564 25 
Nonirrigated 
High Plains .0378 .0384 .1523 
.1269 
.0756s 
.0602b 
— —  .651 17 
Irrigated 
High Plains .0608 .0338 — — — — — — — — .461 12 
Mississippi Delta 
large farms .0196 .0188 -.0958 .0625 -.1062 .0521 .607 10 
Mississippi Delta 
small farms -.0164 .0193 -.1222 .0643 -.1059 .0536 .639 10 
aPreseasonal rainfall. 
^Seasonal rainfall. 
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terms of cotton value equivalents) per unit of input has been 
changing at a different rate in each of the six cotton areas. 
The output of cotton ( ZrQ) per unit of input ( £p0q^) has 
been increasing in four of the cotton areas, ranging from a 
low of .0079 pounds of cotton per year in the southern Pied­
mont area to a high of .0608 pounds of cotton per year in the 
irrigated High Plains area. The output of cotton per unit 
of input has been decreasing in two of the cotton areas, 
ranging from a low of .0080 pounds of cotton per year in the 
Black Prairie area to a high of .0164 pounds of cotton in the 
Mississippi Delta small farms area. Thus it appears that 
the changes in the input-output ratios have not been uniform 
between different parts of the Cotton Belt, even though the 
input-output ratios for the Cotton Belt as a whole have shown 
rather definite trends. 
The production coefficients shown in Table 12 appear to 
differ significantly from each other when their absolute 
values are compared. For example, the trend value of the 
input-output ratio in the irrigated High Plains area is six 
times greater than the trend value of the input-output ratio 
in the southern Piedmont. Also, two of the trend values have 
negative values. Several statistical tests have been applied 
to determine whether or not the trend values in Table 12 are 
significantly different from each other. 
Can one regression line be used for all the observations 
86 
in the six cotton areas? More specifically, the question is: 
do the regression coefficients for time in the six cotton 
areas all estimate the same population regression coefficient? 
If the answer to each of these two questions is yes, then the 
data for the six areas can be pooled to give a single trend 
line for the input-output ratios. 
An appropriate technique for determining whether or not 
one regression equation can be used for all the observations 
in the six cotton areas is the F test. HaId (7, pp. 579-
584) presents a method for comparing several regression lines. 
This comparison is based on the assumption of equal variance 
about the regression in all populations. In this case, the 
F test for testing the trend values in the six cotton areas 
is given by the formula 
where the estimate of b is given by 
The b^ are the regression coefficients for time in the six 
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cotton areas, the are the "Gauss multipliers" used to 
p 
compute the variance of these coefficients, the D^ are the 
total deviations from regression in each area, K refers to 
the number of areas, and n^ and k^ are the number of observa­
tions and variables, respectively, in each of the six areas. 
The F value obtained for the regression analyses of the six 
cotton areas is 1.6, which is significant at the 20 per cent 
level for degrees of freedom of 5 and 98. 
For the six cotton areas included in this study, however, 
the problem arises of unequal variance in the regression 
analyses between areas. For example, the variance (mean 
square deviation from regression) in the nonirrigated High 
Plains area is approximately seven times greater than the 
variance in each of the four areas southern Piedmont, Black 
Prairie, Mississippi Delta large farms, and Mississippi Delta 
small farms ; the variance in the irrigated High Plains area 
is approximately times greater than the variance in each 
of these four areas. The hypothesis of equal variance among 
the six cotton areas was tested with Bartlett's test of homo­
geneity of variance (13, p. 242). A chi-square value of 36.1 
was obtained for the six cotton areas, indicating a highly 
significant difference in the variance among the six areas. 
In order to allow for unequal variance among the six 
areas, a modification was made in the above formula. The F 
test for testing the trend values in the six cotton areas is 
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now given by the formula 
6 
F = 
21 (b. - b) Li T 
i=l 1 ullLi 
K - 1 
r °l I r 
1=1 L[ /i=l (ni - kV 
where the estimate of b is now given by 
6 1 
b. pi T 
I = 1=1 1 Hi 
CllLi 
i 2 The notations b^, C^, D^, K, n^, and were explained above. 
The are the weights needed to give equal variance among 
the six areas. The in the southern Piedmont, Black Prairie 
and the two Mississippi Delta areas were assigned values of 
one, the in the nonirrigated High Plains area was assigned 
a value of seven, and the in the irrigated High Plains 
area was assigned a value of 2.5. The F value obtained for 
the regression analyses of the six cotton areas in this case 
is 1.7, which is significant at the 15 per cent level for 
degrees of freedom of 5 and 98. 
Thus, based on the six cotton areas included in this 
study, an F value is obtained which raises doubt to the 
hypothesis of unequal trend values among the cotton areas. 
Another appropriate technique for testing the hypothesis 
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that the six cotton areas have different trend values is the 
method for judging all contrasts in the analysis of variance 
designed by Scheffe (16). This method is used to compare the 
input-output ratios between any two groups of the six cotton 
areas. 
Scheffe1 s test, although designed for testing means for 
several groups, can also be applied to regression analysis. 
Scheffe1 s conservative test, which possible gives an overly 
wide confidence region, is given by the formula 
s = 
~h 
where the estimate 9 is given by 
9 = É. c1b1 
i=l 1 
the estimate of the standard error is given by 
= 
<- 2 i 
c,Ct-,L 
i=l i 11 i 
6 D1 6 
£ yt / 3: (su - k.) 
Li=l i I 1=1 1 1 . 
and the significance of S is determined from 
S 
" i'K - !» f«(K-1,V) 
The notations b^, C^, D^, L±, K, n^, and k^ were explained 
above. The c^ are six known constants which satisfy the 
condition 
89 b 
6 
S- c. = 0 
1=1 1 
The *oc(K-i,v) refers to the value of F at the level <x (for 
example <x = 5 per cent) with degrees of freedom of K-l and 
6 
V= £ (n. - k,). The F significance discussed above and the 
1=1 1 1 
largest Scheffe contrast give the same results. 
The ordinary t in this case is a liberal test, which 
possibly gives an overly short confidence region. The t 
test, denoted by 
"^h 
is used in the discussion which follows to indicate sig­
nificance between two groups of areas. This test is valid 
as a test of significance if the particular comparison of two 
groups of data was in question before the experiment was 
conducted. In this study the hypothesis of equal trend 
values between the four areas southern Piedmont, Black 
Prairie, Mississippi Delta large farms, and Mississippi Delta 
small farms and the two High Plains areas was in question 
before the regression analyses were conducted. This was 
based on the belief that the rate of technological change has 
been greater in the Western cotton areas (including the High 
Plains) than in the other areas in the Cotton Belt. 
In testing the hypothesis that all six cotton areas 
estimate the same trend value for the input-output ratio, 
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many multiple comparison tests can be made. With six areas 
a multiple comparison test which includes all six areas can 
be made of three areas against three areas, two areas against 
four areas, and one area against five areas. The possible 
number of multiple comparisons of three areas against three 
areas is given by 
The possible multiple comparisons of two areas against four 
areas is given by 
âftr = 
The possible multiple comparisons of one area against five 
areas is given by 
A significant difference between several of these mul­
tiple comparisons (based on the t test) will tend to indicate 
that the six area trend values for the input-output ratio do 
not estimate the same trend value. A significant difference 
was found among several of the multiple comparisons. One of 
the multiple comparisons which showed a large significant 
difference will be useful later on in explaining similarities 
and differences in parity returns prices among the six cotton 
areas. The multiple comparison of the four areas southern 
Piedmont, Black Prairie, Mississippi Delta large farms, and 
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Mississippi Delta small farms against the two areas nonir­
rigated High Plains and irrigated High Plains has a t value 
of 1.9 when the are all equal to one and a t value of 2.2 
when the are assigned values needed to give equal variance 
among the six areas. Both values indicate a significant dif­
ference among these two groups of areas. 
The F test above indicated no significant difference in 
the input-output ratios among the six cotton areas when 
compared in a group. A significant difference, based on the 
t test, however, was found among two groups of the cotton 
areas. Comparisons of pairs of areas may also be used to in­
dicate differences among the trend values in the six cotton 
areas. In order to test the differences among the trend 
values, a difference, D is computed from the formula 
D = (T Q . The notations <T Q, K, and V were explained 
above, and Q<*(K y) refers to the value^of Q at the level =x 
with degrees of freedom of K and V = 5T (n, - k, ). 
i=l 1 1 
The computed difference, D, for each pair of areas is 
compared to the actual difference and presented in Table 13. 
The actual difference is judged significant if it is larger 
than its D. This test indicates that there is no significant 
difference between the trend values at the 5 per cent level 
for any two of the areas. 
The differences that do occur in the trends of the input-
output ratios among the six cotton areas are due to changes 
Table 13. Values of D for testing differences among trend ratios for all combina­
tions of two cotton areas 
Black High Plains Mississippi Delta 
Prairie Nonirrigated Irrigated Large farms Small farms 
ada D ad D ad D ad D ad D 
Southern Piedmont .008 .015 .015 .044 .026 .039 .006 .030 .017 .031 
Black Prairie .023 .044 .034 .041 .014 • 033 .009 .033 
Nonirrigated 
High Plains .012 o
 
00
 
vn
 
.009 
H
 
00 O
 .032 .081 
Irrigated 
High Plains .021 O
 
00
 
.043 .059 
Mississippi Delta 
large farms .023 .036 
aad = actual difference between trend values. 
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in production technology that have been taking place in the 
Cotton Belt. In the southern Piedmont the trend in yields 
was slightly downward between 1909 and 1923» the period of 
heaviest boll-weevil damage, but it has been upward since 
1923* However, the topography of much of this area is rough 
and the soils are rather erodible. Continuous row-crop farm­
ing and leaving of the land bare during the winter have ac­
celerated erosion, thus slowing down the rate of increase in 
the input-output ratio over time (12). 
In the Black Prairie the negative trend in the input-
output ratio has been primarily due to reduction in the 
fertility of the soil brought about by continuous cropping 
and erosion. The yield per acre of cotton has been declining 
in this area since 1925, and the relative importance of this 
area in U. S. cotton production has been decreasing (12). 
The decline in the input-output ratio may also be due to 
decreasing returns to scale, which appears to be the case in 
the Black Prairie area in the analysis of the aggregate pro­
duction functions presented in Appendix B. 
In the Mississippi Delta area there have been large in­
creases in the yield of cotton. This area has been increas­
ing in importance as a producer of cotton in the nation. 
Land is level and well adapted to the use of tractors (12). 
The small farms in this area have not been able to increase 
their output per unit of input significantly because of a 
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shortage of capital. The commercial cotton farms in the 
southern Piedmont and Mississippi Delta small farms areas 
are in great need of increased capital in order to mechanize 
and be in a better position to compete with the new areas of 
the west and the Mississippi Delta large farms. 
In the High Plains cotton production is highly mecha­
nized, resulting in large-scale, low-cost production (12). 
Cotton production per man-hour in this area, as well as in 
the Pacific area, more than doubled between 1939-41 and 1953-
55» but increased by only about 60 per cent in the South 
Atlantic and East South Central regions. The more rapid 
increase in cotton production per man-hour in the High Plains 
and Western regions than in the older cotton areas is due to 
the greater adaptability of machinery on the larger opera­
tions in the western regions, irrigation, soil productivity 
and response to fertilizer and greater relative cost of labor 
as an inducement to mechanization in the West (1). 
The six cotton areas included in this study do not 
represent the whole story of the progress that is taking 
place in cotton production. It is true that progress has 
been made in these areas, including increased amount of power 
and use of labor-saving machines and an increase in the amount 
of chemical fertilizer applied to cotton. However, the ir­
rigated Western areas, the areas where greatest progress has 
been made in the Cotton Belt, are not included in this study. 
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In these areas, there has been a very marked upward trend in 
yield for 16 or 17 years, and the costs of producing a pound 
of cotton are lower in the Western areas than in any of the 
other cotton areas (10). 
Although the regressions were computed to obtain esti­
mates of an average or trend production, they can also serve 
as a measure of technological change. That is, the regres­
sion coefficients for time in Table 11 give some indication 
of the differences in the rate of technological improvement 
in the production of cotton in the different areas. The 
restrictive assumptions necessary for making precise quan­
titative statements about the rate of technological change 
based on input-output ratios are discussed in Appendix B. 
As shown by the analysis in Appendix B, the assumption of 
constant returns to scale appears to hold in four of the six 
cotton areas. In the Mississippi Delta large farms area in­
creasing returns to scale appear to prevail, and in the 
Mississippi Delta small farms area decreasing returns to 
scale appear to prevail. 
The parity returns prices in this study are first com­
puted from the trend values for each of the six areas. For 
an additional comparison, the six areas were pooled together 
and a common trend value was computed. Parity returns prices 
in the six areas were then computed on the basis of the com­
mon trend. 
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Parity returns prices computed from area trend 
values In each of the six cotton areas the trend produc­
tion ( ZrQ) for any individual year was obtained by multiply­
ing the current quantity of inputs by the trend ratio of £rQ 
y to inputs. An adjusted parity gross income was obtained by 
subtracting house rent and purchases of grain and livestock 
from the parity gross income, and this adjusted parity gross 
income was divided by the trend ZrQ to give the parity re­
turns price of cotton, shown in Table l4 and Figure 5« Since 
total inputs which go to make up parity gross income were 
used in the construction of the input-output ratios, direct 
government payments were included in the adjusted parity 
gross income. The period 1949-54 was used as the base period. 
Minor adjustments were made in the base period ratio of farm 
labor returns to manufacturing earnings so that the average 
of the parity returns prices for the base period would be 
the same in all areas. 
There appears to be some difference in the movement over 
time of the various area parity returns prices. It was shown 
earlier that difference in parity returns prices may be due 
to differences in the three components that go to make up 
parity returns prices. Differences in parity returns prices 
among areas cannot be due to differences in the first of 
these components, the adjusted base price, since the 21 rQ 
for each area was expressed in "cotton at the southern Pied-
Figure 5. Parity returns price and modernized parity price of cotton 
compared with prices received by farmers for cotton in 
the southern Piedmont area (19^9-54 base) 
PRICES RECEIVED 
BY FARMERS -
40 
.30 
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UJ .20 
Q_ 
LU 
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Table l4. Parity returns prices of cotton computed from trend production by areas 
and modernized parity prices of cotton (1949-54 base) 
Year Southern Black High Plains Mississippi Delta Average Modern] 
Piedmont Prairie Non- Irrigated Large Small of all parity 
irrigated farms farms areas price 
1930 S .152 $ .151 S .152 S .194 
1931 .126 .125 .126 . 166 
1932 .107 .106 .106 .140 
1933 .111 .103 .107 .133 
1934 •133 .122 .128 .139 
1935 .134 .126 .130 .135 
1936 .132 .124 .128 .131 
1937 .139 .131 $ .161 .144 .137 
1938 .136 .132 .166 .145 .12 7 
1939 .139 .132 .163 .145 .120 
1940 .140 .134 .166 .147 .117 
1941 .154 .151 .176 .160 .129 
1942 .190 .175 .198 .188 .159 
1943 .211 .196 .226 .211 .183 
1944 .227 .214 .242 S .254 i $ .232 $ .211 .230 .192 
1945 .236 .216 .244 .249 .239 .217 .234 .197 
1946 .264 .237 .263 .271 .282 .235 .259 .217 
194? .28 7 .272 .296 .305 .300 .265 .288 .264 
1948 .309 .291 .317 .323 .316 .297 .309 .296 
1949 .301 .302 .316 .326 .301 .297 .307 .286 
1950 .309 .306 .318 .320 .327 .309 .315 .294 
1951 .347 .341 .338 .344 .343 • 339 .342 .339 
1952 • 353 .351 .346 .349 • 352 • 350 .350 .345 
1953 .349 .352 .359 .339 .337 • 354 .350 • 339 
1954 .348 • 354 .332 .328 .347 • 357 .344 .347 
Table 14. (Continued) 
Year Southern 
Piedmont 
Black 
Prairie 
High Plains 
Non- Irrigated 
irrigated 
Mississippi Delta 
Large Small 
farms farms 
Average 
of all 
areas 
Modernized 
parity-
price 
19 55 .366 • 359 .342 .330 .342 .364 • 351 .355 
1956 .363 .378 •351 .334 • 357 .374 .360 .369 
1957 .387 .404 .372 .359 .378 .401 .384 .380 
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mont location" equivalents. Thus, the differences in the 
movement over time of the various parity returns prices are 
due to differences in the production coefficients or input 
prices or both. 
The parity returns price series moved in much the same 
manner in the southern Piedmont, Black Prairie and the two 
Mississippi Delta areas. In these four areas there was no 
significant difference in the production coefficients. When 
the production coefficients were tested by use of the t test 
presented earlier in Table 13, the results yielded t values 
of less than 2 for each comparison of two of these areas. 
The trend ratios are therefore not significantly different 
for these four areas and the differences in the production 
coefficients cannot be used to explain much of the differ­
ences in parity returns prices existing among these four 
areas. Differences in area parity prices may also be due to 
iPiSi 
differences in the ^ ^ , the index of input prices. This 
index, derived by dividing parity gross income less grain 
and livestock purchases by the quantity of inputs, is shown 
in Table 15* The index of input prices is made up of the 
following three components : (l) the index of prices of operat­
ing expense items, such as fuel and fertilizer; (2) the index 
of the "use price" (interest rate times price) of land and 
capital; and (3) the index of hourly earnings of employed 
workers in•manufacturing. In comparing Tables 14 and 15, one 
Table 15» Price indexes (1949-54 = 100) 
Year Input prices Hourly Prices paid 
Southern Black High Mississippi earnings by farmers 
Piedmont Prairie Plains Delta of employed including 
Nonirri- Irri- Large Small manufac- interest, 
gated gated farms farms turing taxes, and 
workers wage rates 
34 55 
32 48 
28 41 
27 40 
33 44 
34 46 
34 46 
40 39 48 
41 39 46 
41 39 45 
42 4l 46 
46 45 49 
52 53 56 
60 59 63 
65 65 66 66 63 67 
67 66 69 67 63 70 
73 73 82 73 67 76 
84 83 87 82 76 88 
90 90 93 91 84 95 
92 92 89 90 87 92 
94 94 97 93 91 94 
100 102 102 101 98 103 
104 105 106 104 103 105 
1930 
1931 
1932 
1933 
1934 
30 
38 
48 
40 
34 
32 
39 
1935 
1936 
1937 
1938 
1939 
I 
8 
40 
% 
41 
4l 
1940 
1941 
1942 
1943 
1944 
41 
1 
66 
42 
I 
66 
1945 
1946 
1947 
1948 
1949 
n 
85 
92 
90 
66 
I 
91 
1950 
1951 
1952 
93 
103 
105 
93 
103 
105 
Table 15» (Continued) 
Year Input prices Hourly Prices paid 
Southern Black High Mississippi earnings by farmers 
Piedmont Prairie Plains Delta of employed including 
Nonirri- Irri­ Large Small manufac­ interest, 
gated gated farms farms turing taxes, and 
workers wage rates 
1953 104 104 109 104 102 105 109 102 
1954 104 106 101 103 105 107 112 103 
1955 110 106 105 105 104 106 116 103 
1956 110 112 109 108 109 108 122 105 
1957 117 119 117 119 116 115 126 109 
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notes that the higher parity returns price in the Black 
Prairie compared to the one in the southern Piedmont in the 
years 1956 and 1957 is due to the higher index of input prices 
in this area in addition to the fact that the trend ratio 
in the Black Prairie area has been declining slightly while 
the trend ratio in the southern Piedmont has been increasing 
slightly. 
The parity returns price series also moved in much the 
same manner in the nonirrigated High Plains and irrigated 
High Plains areas. The differences that do occur are due 
partly to differences in the trend ratios and partly to dif­
ferences in the index of input prices. There was no sig­
nificant difference in the production coefficients for these 
two areas. The t value presented earlier for these areas was 
.4, indicating very little difference in the trend values of 
the input-output ratios in these two areas. Thus, differ­
ences in the parity returns prices between these two areas 
are due largely to difference in input prices. 
The t value for the multiple comparison test between 
the four areas southern Piedmont, Black Prairie, Mississippi 
Delta large farms, and Mississippi Delta small farms and the 
two areas nonirrigated High Plains and irrigated High Plains, 
shown earlier, indicated a significant difference in the 
production coefficients among these two groups of areas. 
Differences in the parity returns prices within each of these 
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groups, therefore, are due mainly to differences in input 
prices, but differences in the parity returns prices between 
these two groups of areas are due to differences in produc­
tion coefficients as well as to differences in input prices. 
The divergence between the parity returns prices for these 
two groups of areas can be further emphasized by expressing 
the prices in these two groups of areas in per cent of their 
respective 1944 values. The average parity returns price 
in the four areas southern Piedmont, Black Prairie, Missis­
sippi Delta large farms, and Mississippi Delta small farms 
for 1957 stands at 178 per cent of its 1944 level while the 
average parity returns price in the two High Plains areas for 
1957 is only 147 per cent of its 1944 level. 
In comparing the six parity returns price series, it is 
noted that the percentage change in the parity returns prices 
from 1944 to 1957 for the six cotton areas varied inversely 
with the size of the area trend values. From 1944 to 1957 
the area parity returns prices increased 90 per cent in the 
Mississippi Delta small farms area, 89 per cent in the Black 
Prairie area, 70 per cent in the southern Piedmont area, 63 
per cent in the Mississippi Delta large farms area, 54 per 
cent in the nonirrigated High Plains area, and 4l per cent 
in the irrigated High Plains area. The trend values of the 
input-output ratios for these areas are -.0164, -.0080, 
.0079) .0196, .0378, and .0608, respectively (Table 12). 
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Parity returns prices computed from common trend 
value Based on the F values presented earlier (p. 87) 
it appears that the six cotton areas have a common trend 
value in their input-output ratios when compared in a group. 
That is, the rate of technological change appears to be the 
same for the six cotton areas included in this study. There­
fore, a common time trend has also been fitted in the quan­
tity for the six cotton areas. The sums of squares 
S.poql 
were pooled to obtain a single coefficient for time. The 
multiple regression statistics for the pooled regression are 
given in Table 16. The independent variables other than time 
(X^) refer to the weather variables constructed earlier. The 
variables X^ and X1Q are "dummy" variables, which were neces­
sary since three time periods were involved in the regression 
analysis^. Since different time periods were involved, the 
input-output ratios in each area were also coded to the mean 
of the southern Piedmont area. The procedure followed in 
coding was to estimate each area's trend value for the origin 
of the time variable in the southern Piedmont area, January 
1, 1944, using the average trend ratio of the six areas com­
puted from the individual area regressions to estimate these 
trend values. The percentages these trend values were of the 
^-Xg is a dummy variable designating the period 1937-
1957* Xin is a dummy variable designating the period 1944-
1957. 1 
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Table 16. Multiple regression statistics for the pooled 
regression 
Variable Regression Standard 
coefficient error 
X1 Time .007 .007 
X9 Temperature in southern Piedmont: 
* July > 79°F. + August > 78°F. -.100 .099 
X-j Rainfall in southern Piedmont: 
J June > 3" -.083 .061 
X\ Temperature in Black Prairie: 
* July > 85°F. + August > 82°F. -.081 .038 
Xj- Preseasonal rainfall in High 
" Plains : September through April .120 .037 
Xz Seasonal rainfall in High Plains : 
May through August .121 .034 
X„ Temperature in Mississippi Delta: 
' August > 8l°F. -.099 .075 
XQ Rainfall in Mississippi Delta: 
° June > 3" -.100 .062 
Xg "Dummy" for 1937-1957 period -.007 .130 
X^Q "Dummy" for 1944-1957 period .046 .099 
R = .567** 
** 
Significant at the 1 per cent level. 
southern Piedmont area mean were used to code the input-output 
ratios in each area. 
The pooled regression gives an estimated increase in the 
input-output ratio of .007 pounds of cotton per year. Decod­
ing this value for the areas other than the southern Piedmont 
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also gives an estimated increase of the input-output ratio 
of .007 pounds of cotton per year for each of these areas. 
It is noted in Table 16 that the trend value of the input-
output ratio for the pooled regression is not significantly 
different from zero. The parity returns prices computed 
from the pooled trend will not differ much, therefore, from 
parity returns prices computed from the average input-output 
ratio in each area. The pooled trend was employed to obtain 
the estimate of £ rQ used to compute the parity returns 
prices shown in Table 17. The average parity returns prices 
for the six areas in Table 17 are about the same as the 
average parity returns prices computed from the area trend 
values. The movements in the average parity returns prices 
computed from the pooled regression can therefore be seen 
by referring to Figure 5* The period 1949-54 was used as 
the base period for the parity returns prices computed from 
the pooled regression. These parity returns prices were also 
adjusted so that the prices in the 1949-54 period would be 
the same in all areas. 
There appears to be little difference in the movement 
over time of the various area parity returns prices computed 
from the pooled regression. From 1944 to 1957 the percentage 
increases in the area parity returns prices ranged from only 
71 per cent in the southern Piedmont area to 78 per cent in 
the irrigated High Plains area. Since a common time trend 
Table 17. Parity returns prices of cotton computed from common trend production 
by areas and modernized parity prices of cotton (1949-54 base) 
Year Southern Black High Plains Mississippi Delta Average Modern] 
Piedmont Prairie Nonirri­ Irrigated Large Small of all parity 
gated farms farms areas price 
1930 $ .152 S .168 $ .160 $ .194 
1931 .126 .139 .132 .166 
1932 .107 •119 .113 .140 
1933 .111 .114 .112 .133 
1934 .133 .136 .134 .139 
1935 • 133 .140 .136 .135 
1936 .132 .136 .134 .131 
1937 • 139 .143 $ -139 .140 .137 
1938 .136 .144 .144 .141 .127 
1939 .139 .143 .143 .142 .120 
1940 .140 .145 .147 .144 .117 
1941 .155 .162 .158 .158 .129 
1942 .190 .187 .181 .186 .159 
1943 .211 .208 .208 .209 .183 
1944 .227 .226 .226 $..221 S .226 $ .224 .225 .192 
1945 .236 .226 .22 7 .221 .234 .228 .229 .197 
1946 .264 .247 .248 .245 .2 77 .246 .255 .217 
1947 .288 .280 .286 .282 .296 .2 75 .285 .264 
1948 .310 .299 .306 .304 .312 .306 .306 .296 
1949 .301 .307 .313 • 314 .299 .303 .306 .286 
1950 • 310 .310 • 314 .312 .326 .314 .314 .294 
1951 .348 .344 .339 .343 .343 .342 .343 .339 
1952 • 354 .352 • 348 • 353 .354 • 350 .352 .345 
1953 •351 .349 .361 .349 .340 .351 .350 .339 
1954 .349 • 352 .339 .343 .352 .353 .348 .347 
Table 17• (Continued) 
Year Southern Black High Plains Mississippi Delta Average Modernized 
Piedmont Prairie Nonirri- Irrigated Large Small of all parity-
gated farms farms areas price 
1955 .368 • 3 55 •350 .351 .348 .356 .355 .355 
1956 .365 .374 .363 .360 .364 .363 .365 .369 
1957 .389 .396 .389 .393 .388 .387 .390 .380 
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was computed for the six areas, the differences in the parity-
returns prices in Table 17 are due to differences in the 
index of input prices, shown in Table 15« For example, in 
19^6 the higher parity returns prices in the southern Pied­
mont and Mississippi Delta large farms areas compared to the 
other four areas are due to the higher index of input prices 
in these two areas. In 1956 and 1957 the parity returns 
price in the Black Prairie area were higher than the other 
area parity returns prices due to the higher index of input 
prices in the Black Prairie area in these two years. 
The parity returns prices computed from the pooled regres­
sion estimates of ZrQ differ in one respect from the parity 
returns prices computed from the area regression estimates 
of ZrQ. The differences among the area parity returns 
prices in Table 17 are due only to differences in the index 
of input prices, whereas the parity returns prices computed 
from the area regression estimates of ZrQ (Table 14) are due 
to differences in the rate of technological change as well 
as to differences in the index of input prices. If the 
hypothesis that all of the cotton areas studied have the same 
trend values in the input-output ratios is accepted, then 
the parity returns prices shown in Table 17 are the ones that 
best indicate the economic status of the cotton farmers in 
these six areas. However, there appears to be some evidence 
to reject this hypothesis and say that the parity returns 
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prices computed from each individual area's trend best re­
flects the economic status of the cotton farmers in these 
areas. The averages of the area parity returns prices are 
approximately the same for the parity returns prices computed 
from the area regressions and those computed from the pooled 
regression. This is due to the fact that in the area re­
gressions, two areas had a fairly large upward trend, two 
areas had a negative trend and two areas had a small positive 
trend that was not significantly different from zero. 
The area parity returns prices computed from the area 
trend values indicate that the costs of producing cotton dif­
fer among the six areas included in this study. Based on 
these parity returns prices, the costs of producing cotton 
have decreased in the two High Plains areas relative to the 
cost of producing cotton in the southern Piedmont, Black 
Prairie, and the two Mississippi Delta areas. Forces have 
been at work to lower production costs more rapidly in the 
High Plains areas than in the other four areas. The area 
parity returns prices computed from the pooled trend value, 
however, do not give the true picture of differences in costs 
of producing cotton among areas. 
Tables l4 and 17 and Figure 5 show that the modernized 
parity price fell relative to the parity returns price until 
1940. After that time the two parity price series moved in 
much the same manner. The parity returns prices computed 
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from the pooled regression were slightly higher than the 
parity returns prices computed from the area regressions in 
most of the years in the period studied, but the movements 
in these two series were approximately the same. Most of the 
movements in modernized parity prices relative to parity 
returns prices can be explained by the movements in market 
prices which were induced by shifts in demand. 
The adjusted base price of cotton (column 5 of Table 4) 
used in constructing the modernized parity price reflects the 
movements of the prices of cotton relative to the prices of 
other farm products. In 1930 the adjusted base price was 
about $.13 per pound, by 1940 it fell to less than $.10 and 
in 1957 had trended upward to approximately $.13 per pound. 
In computing the parity returns prices, the market 
prices during the preceding ten years are also used. The 
shifts in relative prices have less effect on the parity re­
turns prices than on the modernized parity prices due to the 
greater relative importance of cotton in the parity returns 
computations. The adjusted base price used in computing the 
modernized parity prices in the southern Piedmont area (the 
ratio of the average southern Piedmont market price of cotton 
during the preceding ten years to the average U. S. prices 
received index during the preceding ten years) shows greater 
variation than the adjusted base price used in computing the 
area parity returns prices. This caused the modernized parity 
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price of cotton to show wide movements relative to the parity 
returns price. 
One notes in Figure 5 that during the base period the 
average modernized parity price lies below the average parity 
returns price which in turn lies below the average market 
price. The average of the modernized parity prices for the 
period 1949-54 is $.325 per pound. The average of the area 
parity returns prices during the same period is $.340 for 
the parity returns prices computed from separate area trend 
values and $.341 for the parity returns prices computed from 
the common trend value. The average market price for cotton 
in the southern Piedmont is $.360 during this period. The 
modernized parity price is low due to the average prices of 
the preceding ten years used in its construction. Cotton 
prices have been trending upward relative to other prices, 
and the average over the preceding ten years therefore under­
values cotton relative to current relationships. The effect 
of the average prices of the preceding ten years is not as 
strong in the case of the parity returns prices, since cotton 
is the main crop in the areas used to construct parity re­
turns prices. 
Parity returns prices of other products in the six cotton 
areas 
The procedure for computing the parity returns prices 
of other products in the cotton areas is fairly simple once 
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the parity returns prices have been computed for cotton. As 
shown earlier (p. 69), the formula for the computations of 
the cotton parity returns price is 
W 
Ipl<ll + w~ P0LqlL 
P- 0 
Pt1 
where r. = 5—^ 
3 *tc 
A unit of the j-th product is expressed in terms of 
pounds of cotton by using the market prices existing during 
the preceding ten years. This conversion factor is denoted 
by rj. The Ir^Q^ represents the current production per 
farm expressed in cotton value equivalents. 
The formula for computing the parity returns price of 
product j is given by 
f} = (Pc)(r3) 
Thus, to compute the parity returns price of any product 
in the cotton areas, the parity returns price of cotton is 
multiplied by the relative for that product. 
Parity returns prices have been computed for corn, oats, 
wheat, and beef in the cotton areas and are shown in Table 
18. The parity returns prices of these products have also 
been computed for four corn areas and four wheat areas by 
Shepherd et al. (21) and are included in Table 18 for com-
Table 18. Parity returns prices of corn, oats, wheat, and beef in the cotton 
areas compared to the average parity returns prices of these products 
o ID in four corn areas and four wheat areas 
Year Southern Black Mississippi Delta Average Adjusted to cash grain area 
Piedmont Prairie Large Small of cotton Cotton Corn Wheat 
farms farms areas areas areas areas 
Corn0 
1930 1.14 1.27 1.20 • 91 1.01 1.18 
1931 • 95 1.05 1.00 • 76 .88 1.01 
1932 .81 .90 .86 .65 .73 .86 
1933 .83 .86 .84 .64 .65 •75 
1934 1.00 I.03 1.02 .77 .72 .84 
1935 1.00 1.06 1.03 .78 .72 .79 
1936 .99 1.03 1.01 •76 • 72 .79 
1937 1.05 1.08 1.06 .81 .78 .85 
1938 1.02 1.08 1.0$ • 79 • 75 .83 
1939 1.04 1.08 1.06 .80 .73 .78 
1940 1.05 1.09 1.07 .81 .75 .78 
1941 1.14 1.20 1.17 .87 .80 .79 
1942 1.31 1.29 1.30 .96 .90 .87 
1943 1.41 1.40 1.40 1.05 .98 .98 
1944 1.53 1.53 1.52 1.52 1.52 1.15 1.04 1.06 
aCash grain, hog-dairy, hog-beef fattening, and hog-beef raising areas. 
^Winter wheat, wheat-small grain-livestock, wheat-roughage-livestock, and 
wheat-pea areas. 
^Dollars per bushel. 
Table 18. (Continued) 
Year Southern Black Mississippi Delta Average Adjusted to cash grain area 
Piedmont Prairie Large Small of cotton Cotton Corn Wheat 
farms farms areas areas areas areas 
19 45 1.60 1.53 1.58 1.55 1.56 1.18 1.04 1.08 
1946 1.82 1.70 1.91 1.68 1.78 1.29 1.09 1.11 
1947 1.84 1.79 1.89 1.76 1.82 1.32 1.23 1.24 
1948 1.98 1.91 2.00 1.95 1.96 1.41 1.34 1.38 
1949 1.86 1.88 1.84 1.86 1.86 1.43 1.34 1.4l 
1950 1.82 1.82 1.92 1.84 1.85 1.46 1.35 1.38 
1951 1.91 1.88 1.89 1.87 1.89 1.51 1.45 1.44 
1952 1.91 1.90 1.92 1.89 1.90 1.56 1.51 1.49 
1953 1.85 1.84 1.80 1.84 1.83 1.54 1.50 1.49 
1954 1.76 1.78 1.78 1.78 1.78 1.55  1.49 1.45 
1955 1.79 1.73 1.70 1.74 1.74 1.54 1.49 1.44 
1956 1.68 1.72 1.67 1.67 1.68 1.55 1.48 1.45 
1957 1.74 1.77 1.73 1.73 1.74 1.66 1.6l 1.53 
Year Southern Mississippi Average Adjusted to cash Southern Adjusted to win 
Piedmont Delta large of cotton grain area Piedmont wheat area 
farms areas Cotton Corn Wheat Cotton Wheat Corn 
areas areas areas area areas area; 
Oats0 Wheat c 
1930 .88 .88 .44 •52 . 6l 1.58 1.13 1.54 1.32 
1931 .73 • 73 • 38 .45 • 51 1.31 •93 1.31 1.15 
1932 .62 .62 .31 .37 .44 1.12 .80 1.12 .96 
1933 .64 .64 .32 • 33 .39 1.16 .83 .99 .84 
1934 • 77 • 77 • 39 • 37 .43 1.38 .98 1.09 .94 
1935 .77 -77 .39 • 37 .40 1.39 .99 1.04 .94 
1936 .76 .76 .38 • 37 .40 1.37 .98 1.03 .94 
1937 .81 .81 .41 .40 • 43 1.45 I.03 1.10 1.02 
Table 18. (Continued) 
Year Southern Mississippi Average Adjusted to cash Southern Adjusted to winter 
Piedmont Delta large of cotton grain area Piedmont wheat area 
farms areas Cotton Corn Wheat Cotton Wheat Corn 
areas areas areas area areas areas 
1938 • 79 .79 .40 .38 .42 1.42 1 . 0 1  1.07 .97 
1939 .80 . 8 0  .40 .37 .39 1.45 1.03 1.02 .96 
1940 .81 .81 .41 .38 .39 1.46 1.04 1.02 .97 
1941 .86 .  8 6  .44 .42 .41 1.56 1.15 1.06 1.07 
1942 .97 • 97 .51 .47 .47 1.74 1.31 1.19 1.23 
1943 1.01 1.01 • 57 .52 .52 1.82 1.43 1.31 1.31 
1944 1.05 1.04 1.04 .62 • 56 .57 1.86 1.51 1-39 1.36 
1945 1.08 1.06 1 . 0 7  .67 .58 .61 1.89 1.58 1.41 1.36 
1946 1.17 1.22 1 . 2 0  .79 .64 .64 2.07 1.74 1.46 1.44 
1947 1.17 1.20 1 . 1 8  .81 • 74 .75 2.16 1.78 1.66 1.64 
1948 1.19 1.19 1.19 .86 .81 .83 2.23 1.86 1.81 1.76 
1949 1.13 1.12 1 . 1 2  .83 .78 .82 2.14 1 . 8 3  1.81 1.72 
1950 1.12 1.17 1.14 .85 • 78 .80 2.17 1.90 1.81 1.78 
1951 1.17 1.15 1.16 .88 . 8 3  .83 2.32 2.05 1.93 1.94 
1952 1.15 1.14 1.14 .88 .86 .84 2.32 2.10 1.99 2.02 
1953 1.10 I. 0 7  1.08 .85 .83 .83 2.25 2.07 1.98 2.00 
1954 1.04 1.05 1.04 .83 .81 .79 2.20 2.05 1.95 1.99 
1955 1.03 .98 1.00 .81 .78 .76 2.28 2.14 1.94 2.00 
1956 .98 .99 .98 .79 .76 .75 2.22 2.11 1.98 2.02 
1957 1.02 1.02 1.02 .83 .81 .78 2.35 2.29 2.12 2.22 
Table 18. (Continued) 
Year Southern Black High Plains Mississippi Average Adjusted to cash 
Piedmont Prairie Nonirri- Irri- Delta of cotton grain area 
gated gated Large Small areas Cotton Corn Wheat 
farms farms areas areas areas 
Beefd 
1 9 3 0  6 . 7 6  7.50 7.13 11.58 12.82 14.99 
1931 5  •  6 0  6.21 5.90 9.58 11.17 12.75 
1932 4.77 5 . 2 8  5.02 8.15 9.27 10.90 
1933 4.94 5 . 0 8  5.01 8.14 8.25 9.63 
1934 5.91 6 . 0 5  5.98 9.71 9.14 10.61 
1935 5.94 6.24 6 . 0 9  9.89 9.14 10.12 
1936 5.87 6.05 
6.44 
5.96 9.68 9.14 10.02 
1937 6 . 2 0  6 . 3 6  6.33 1 0 . 2 8  9.90 10.71 
1938 6 . 0 5  6.40 6.67 6.37 1 0 . 3 4  9.52 10.41 
1939 6 . 1 7  6 . 3 6  6 .6 j .  6 . 3 8  1 0 . 3 6  9.2 7 9.93 
1940 6.24 6.44 6.79 6.49 1 0 . 5 4  9.52 9.93 
1941 6.84 7.17 7.34 7.12 1 1 . 5 8  10.46 10.30 
1942 7.94 7-81 8 . 3 6  8.04 1 2 . 9 7  11.91 11.60 
1943 8.85 8 . 7 2  9.63 9.07 14.25 12.85 12.79 
1944 1 0 . 0 8  1 0 . 0 1  10.45 1 1 . 0 7  9.99 9.92 10.25 15.43 13.65 13.94 
1945 1 0 . 9 6  1 0 . 5 0  10.52 11.06 10.82 10.57 10.74 15.67 13.77 14.26 
1946 12.51 1 1 . 6 9  11.46 12.29 13.09 1 1 . 6 1  1 2 . 1 1  17.07 14.63 14.83 
1947 13-33 1 2 . 9 9  13.27 14.13 13.67 12.74 13.36 18.22 16.74 1 6 . 9 6  
1948 14.29 1 3 . 7 7  14.11 14.91 14.40 14.11 14.26 19.03 18.00 18.53 
1949 14.28 14.51 14.84 15.69 l4.l4 14.36 14.64 19.50 17.83 18.79 
1950 15.04 15.22 15.83 15-79 15.21 15.35 20.06 18.42 1 8 . 7 6  
1951 16.82 16.64 1 6 . 3 8  17.18 16.58 16.54 16.69 21.37 20.41 20.31 
^Dollars per cwt. 
Table 18. (Continued) 
Year Southern Black High Plains Mississippi Average Adjusted to cash 
Piedmont Prairie Nonirri- Irri- Delta of cotton grain area 
gated gated Large Small areas Cotton Corn Wheat 
farms farms areas areas areas 
1952 18.05 17.91 17.75 18.21 18.04 17.84 17.97 22. 78 21.99 21.65 
1953 1 8 . 2 3  18.15 18.73 18.25 17.68 18.25 18.22 22. 97 2 2 . 1 5  21.97 
1954 17.69 17.85 17.15 17.36 17.82 17.87 17.62 22. 53 21.94 21.45 
1955 18.03 17.39 17.16 17.22 17.05 17-46 17.38 22. 70 22.03 21.31 
1956 17-38 17.79 17.29 17.15 17.35 17.30 17.38 23. 00 22.04 21.54 
1957 18.50 18.80 18.48 18.65 18.41 18.39 18.54 24. 93 24.17 23.05 
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parison purposes. Since the cotton parity returns prices 
were adjusted to "cotton at the southern Piedmont location" 
equivalents, the parity returns prices of corn, oats, wheat, 
and beef were also adjusted to the southern Piedmont location. 
In order to compare the corn, oats, and beef parity returns 
prices in the cotton areas to those in the corn areas, the 
parity returns prices of these products in the cotton areas 
were adjusted to the prices of these products at the cash 
grain location, the area to which the corn parity returns 
prices were adjusted. Likewise, the parity returns prices 
of wheat in the cotton and corn areas were adjusted to the 
price of wheat at the winter wheat area location, the area 
to which wheat parity returns prices were adjusted. 
The parity returns prices of corn in the cotton areas 
are lower than those in the corn areas in the early 1930's, 
but are above the corn area parity returns prices from 1934. 
The parity returns prices of corn increase at a slightly 
faster rate in the cotton areas than in the corn areas from 
1930 to 1957. The parity returns prices of corn in the wheat 
areas are higher than those in the corn areas from 1930 to 
1940, about the same from 1941 to 1953) and are lower in the 
last four years in the wheat areas than in the corn areas. 
The parity returns prices of oats, wheat, and beef also dif­
fer between the corn, cotton, and wheat areas in their move­
ment over the period 1930 to 1957. 
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If the parity returns prices are considered as "cost of 
production" prices, Table 18 presents evidence that during 
the 1930-57 period the cost of producing corn in the wheat 
areas decreased relative to the cost of producing corn in 
the corn and cotton areas, and the cost of producing corn in 
the corn areas decreased relative to the cost of producing 
corn in the cotton areas. The cost of producing oats in the 
corn areas decreased relative to the cost of producing oats 
in the wheat and cotton areas. The cost of producing wheat 
in the wheat areas decreased relative to the cost of produc­
ing wheat in the corn and cotton areas. And the cost of 
producing beef in the corn areas decreased relative to the 
cost of producing beef in the wheat and cotton areas. 
Summary of parity returns price computations 
Most of the limitations of computing parity prices from 
the modernized parity formula and the first three alternatives 
for computing parity prices are overcome in the computations 
of parity prices from the parity returns formula. The parity 
returns formula is a more useful measure of the economic 
status of farmers, for the following reasons: (1) the parity 
returns prices in this study are computed from a more recent 
base period, a period that is more representative of present 
day agriculture; (2) the parity returns formula is based 
upon costs of production in different areas rather than upon 
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costs of production for the whole United States ; ( 3 )  the 
parity returns formula includes quantities produced and 
purchased in the current year rather than in some base period; 
and (4) the parity returns formula accounts for changes in 
efficiency in each area, with the effects of weather being 
at least partly removed. 
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SUMMARY AND CONCLUSIONS 
In this study several alternative methods of computing 
parity prices have been set forth and applied empirically to 
cotton. At the outset of this study, the following weaknesses 
of the present modernized parity formula were noted: (1) the 
base period 1910-14 is out of date; (2) the parity index is 
the same for all farm products; (3) the parity formula ig­
nores changes in current quantities produced and purchased; 
(4) the parity formula disregards the variation in the rate 
of technological progress in the production of various crops 
and among areas ; and (5) the parity formula does not provide 
for parity returns to resources used in farming. 
The first alternative relating to parity price computa­
tions in this study, shifting the base forward to a more 
recent period, would merely make the statistical calculations 
necessary to maintain technically sound indexes simpler to 
carry forward. It would also recognize that there is no 
sound argument for indefinitely holding conditions constant 
as of any particular base period. The new parity calcula­
tions, however, would still not be any freer of the other 
various limitations of the present modernized parity formula 
discussed above. 
The second alternative, computing separate indexes for 
each commodity, would eliminate the limitation of computing 
all parity prices from the same parity index. However, dif­
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ficulties would arise in computing separate parity indexes 
for each commodity that reflect costs of producing these com­
modities in different areas. 
The third alternative, the use of an efficiency modifier 
in computing parity prices, would correct the limitation of 
not including a measure for changes in efficiency. The ef­
ficiency modifier, however, does not allow for changing 
weather conditions and does not account for differences in 
efficiency among areas producing the same commodity. 
The fourth alternative, computing parity prices that 
give parity returns to resources used in producing a commod­
ity, comes closer to overcoming all of the weaknesses of the 
present modernized parity formula. Parity returns prices, 
as computed in this study, are based upon a more recent base 
period, 1949-54. This period is more representative of 
present-day agriculture than a period far in the past. The 
parity returns prices, unlike the present modernized parity 
prices, are not computed from a single U. S. parity index 
which is the same for all farm products. Parity returns 
prices in each area depend upon the costs of production in 
its own area, not upon costs of production for the United 
States as a whole. The parity returns formula provides a 
better measure of the economic status of farmers in that it 
is based upon current quantities purchased and sold rather 
than upon quantities purchased and sold in some base period. 
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The parity returns formula accounts for differences in ef­
ficiency among farming areas and partly removes the effects 
of weather on production. Lastly, the parity returns prices 
computed from the parity returns formula provides farmers 
parity returns for resources used in farming. 
Although the parity returns formula appears to be a 
better measure of farmers' economic status and differences 
in costs of production than the present modernized parity 
formula and the other parity alternatives in this study, 
several problems arise in giving empirical content to the 
system. The first problem is that of identifying "comparable 
resources" on and off farms. This problem arises because 
farmers, especially commercial farmers, have capital invest­
ments and skills not readily comparable with non-farm oc­
cupations . 
A second problem in giving empirical content to the 
parity returns formula arises in comparing returns to similar 
resources under widely different working conditions. The 
farmer is closer to his work and incurs a lower housing and 
food cost than a city worker and is more independent in his 
work than the urban worker. But the farmer is unable to ob­
tain as many community services, faces the necessity of work­
ing in disagreeable weather, and generally has poorer educa­
tional facilities, etc. 
The problems of identifying comparable resources and 
. . 
comparing returns to similar resources have been partly 
solved, in this study by recourse to the use of a base period. 
The level of the parity returns price is therefore a function 
of the base period chosen. The parity returns formula is no 
better nor worse than the present parity formula with regard 
to the issue of the use of a base period. 
Measuring the efficiency with which resources are uti­
lized among areas gives rise to a third problem in giving 
empirical content to the parity returns formula. Measuring 
technological change through the use of input-output ratios 
may be inaccurate for the following reasons : (1) the increase 
in output may have been overestimated or underestimated ; 
(2) the influence of year to year weather variations may not 
have been completely removed ; and (3) increasing or decreasing 
returns to scale may prevail in some areas. 
The problem of measuring efficiency has been overcome 
somewhat in this study by using data from average commercial 
farms in a fairly homogeneous type-of-farming area and partly 
removing the influence of year to year weather variations. 
Also constant returns to scale appear to prevail in most of 
the areas in this study. 
A fourth problem that arises when applying the parity 
returns formula is the complex and laborious data assembling 
and computing procedures involved in computing parity returns 
prices. 
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The parity prices computed from the four alternative 
methods differ considerably from each other. A comparison 
of the parity returns prices to the parity prices computed 
from the other alternatives is shown in Figure 6. The parity 
returns price series is expressed as per cent of each of the 
other alternative parity price series. The average parity 
returns prices computed from the pooled regression is used 
in computing these percentages. All of the parity price 
computations were based on the 1949-54 base period. 
The average parity returns price for the six cotton 
areas increased relative to the modernized parity price from 
1930 to 1940. In 1930 the parity returns price was 17*5 per 
cent lower than the modernized parity price. By 1940 the 
parity returns price was 23.1 per cent higher than the modern­
ized parity price. The parity returns price remained above 
the modernized parity price from 1940 on, except in 1956, 
but decreased relative to the modernized parity price during 
this period. 
The parity returns price increased relative to the 
parity price computed from a single parity index for cotton 
in the United States from 1945 to 1950, the two price series 
being about the same in 1950. From 1950 on the parity returns 
price decreased relative to the parity price of cotton com­
puted from a single parity index. 
The parity returns price decreased relative to the aver-
Figure 6. Parity returns price series expressed as per cent of 
four alternative parity price series 
MODERNIZED 
PARITY PRICE 
EFFICIENCY 
INDEX FOR 
COTTON •W 
U / 
/ % 
AVERAGE AREA 
MODERNIZED PARITY 
PRICE 
1930 
SINGLE COTTON 
PARITY INDEX 
1940 1950 
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age parity price of-the six cotton areas computed from the 
area parity indexes from 1930 to 1947» In 1930 the parity 
returns price was 15.9 per cent greater than this parity 
price. In 1942 the parity returns price fell below the 
parity price computed from the area parity indexes and re­
mained below it until 1953• After 1947 the parity returns 
price increased relative to this parity price. 
The most striking comparison is between the parity re­
turns price series and the parity price series computed from 
the formula containing an efficiency index for cotton produc­
tion in the United States. This efficiency index was com­
puted by the United States Department of Agriculture for the 
period 1945-55 (30). The parity returns price increased 
relative to the parity price of cotton computed from the 
formula with an efficiency index from 1945 to 1955• In 1945 
the parity returns price was 7*7 per cent lower than this 
parity price, but by 1955 the parity returns price was 35 
per cent greater than the parity price of cotton computed 
from the efficiency index. The difference between the move­
ments of these two parity price series is explained mainly 
by the fact that the data for the area parity returns prices 
did not include the Western areas. The increase in the 
input-output ratio in the four Western States Arizona, Cali­
fornia, Nevada, and New Mexico was undoubtedly much greater 
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than in the six areas included for the parity returns price 
computations. 
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APPENDIX A 
Table 1 9 .  Input-output ratios used in the regression anal­
yses for estimating trend values of the input-
output ratios in the six cotton areas 
Year Southern Black Hieh Plains Mississippi Delta 
Piedmont Prairie Nonirri- Irri­ Large Small 
gated gated farms farms 
( IrQ/ 
1930 3.08 3.32 
1931 3.32 3.77 
1932 2.59 3.46 
1933 3.07 3.29 
1934 2.69 2 . 6 7  
1935 3.14 3.23 
1936 2.73 3.13 
4.36 1937 3-41 3.81 
1938 2 . 8 9  3.51 2.83 
1939 3.47 3.28 2.99 
1940 3.57 3.56 2.98 
1941 2.44 2.79 3.75 
1942 3.43 2 . 8 9  4.00 
1943 2.91 3.23 3.76 
1944 3.30 3.14 4.20 3.06 3.29 3.58 
1945 3-47 3.07 2.25 1.80 3.16 3.36 
1946 3.33 2.79 2.30 2.31 2.92 3.23 
1947 3-06 3.40 4.17 3.39 3.14 3.28 
1948 3.54 3.26 1.38 2.82 3.96 4.08 
1949 3-00 3.84 4.92 4.06 3.31 3.27 
1950 2.82 3.19 3.43 2 . 7 8  3.48 3.19 
1951 3.53 2.81 3.38 3.19 2.99 2.90 
1952 3.15 3.22 2.38 3.28 3.36 3.18 
1953 3-37 3.97 1.05 3.00 3.67 3-58 
1954 2.8 7 2.85 3.13 3.31 3.14 3.06 
1955 3.88 3.69 2.80 2.89 3.82 3.73 
1956 3-16 2.37 2.43 3.28 3.51 3.37 
1957 3.23 3.14 4.55 3.65 3.08 2.83 
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Table 20. Weather variables used- in the multiple regression, 
analyses for estimating trend values of the 
input-output ratios in the cotton areas3 
Year June h June rain- July h August July temp.> 79°F. 
rainfall fall > 3" temp. temp. + August temp.> 
78°F. " 
Southern Piedmont 
1930 2.8 0.0 81.9 77.4 2.9 
1931 2.0 0.0 82.4 78.0 3.4 
1932 5.5 2.5 81.8 78.5 3.3 
1933 3-1 0.1 79.8 78.9 1.7 
1934 6.0 3.0 81.6 79.8 4.4 
1935 2.8 0.0 79.6 79.3 1.9 
1936 2.8 0.0 81.4 79.4 3.8 
1937 4.2 1.2 79.2 79.1 1.3 
1938 4.2 1.2 78.3 80.5 2.5 
1939 3.8 0.8 79.8 77-5 0.8 
1940 4.0 1.0 77.7 78.3 0.3 
1941 5.4 2.4 79.7 79.8 2.5 
1942 4.2 1.2 80.4 77.3 1.4 
1943 4.0 1.0 79.4 80.4 2.8 
1944 2.4 0.0 78.1 77.0 0.0 
1945 2.9 0.0 79.1 77-7 0.1 
1946 3.1 0.1 78.0 77.3 0.0 
1947 5-5 2.5 76.0 78.7 0 . 7  
1948 3.6 0.6 79.8 76.7 0.8 
1949 3-5 0.5 79.9 77.3 0.9 
1950 3-9 0.9 77.1 76.6 0.0 
1951 5.5 2.5 79.4 80.5 2 . 9  
1952 2.6 0.0 81.6 78.5 3 . 1  
1953 4.5 1.5 79.2 78.7 0 . 9  
1954 2.2 0.0 81.6 8 1 . 6  6.2 
1955 2.4 0.0 79.6 79.7 2.3 
1956 2.5 0.0 79.3 79.5 1.8 
1957 4.0 1.0 78.5 77.4 0.0 
^Source of data: (37). 
Average of 15 stations in the southern Piedmont area. 
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Table. 20. (Continued) 
Year July ' "teguWt--- .Ju-l-y^.-.• v.-*..-.. ••Frèseàsbnal Seasonal 
temp. temp.c temp. > 85°F. rainfall rainfall 
+ August (September (May 
temp. > 82°F. through through 
April )d August )d 
Black Prairie High Plains 
1930 85.9 8 5 . 6  4.5 
1931 84.9 82.4 0.4 
1932 85.6 85.7 4.3 
1933 85.8 84.9 3-7 
1934 87.9 88.1 9.0 
1935 85.0 85.3 3.3 
1936 83.6 8 6 . 7  4.7 
1937 85.4 8 6 . 7  5.1 14.9 9.4 
1938 83.9 8 5 . 6  3.6 10.3 12.1 
1939 85.6 85.1 3-7 6.1 10.4 
1940 81.8 82.4 0.4 6.0 7.9 
1941 83.5 84.6 2.6 12.5 20.4 
1942 82.3 83.7 1.7 15.2 9.7 
1943 84.2 8 6 . 7  4.7 11.5 7.8 
1944 84.1 84.2 2.2 8.7 10.7 
1945 81.7 82.2 0.2 10.0 9.8 
1946 83.5 84.1 2.1 7 . 6  7.3 
1947 83.1 84.4 2.4 1 0 . 5  8.5 
1948 84.8 85.3 3.3 5 . 0  7.1 
1949 84.0 81.5 0.0 8.0 13.0 
1950 81.3 82.3 0.3 7.2 11.9 
1951 85-9 88.6 7.5 5.5 9.2 
1952 83.8 88.0 6.0 4.0 5.3 
1953 83-7 83.3 1.3 6.6 5.1 
1954 88.4 86.5 7.9 7.5 7.2 
1955 84.4 82.7 0.7 3.9 9.9 
1956 87.2 86.6 6.8 6.5 5.0 
1957 86.5 84.8 4.3 7.5 12.2 
^Average of 4 stations in the Black Prairie area. 
^Average of 5 stations in the High Plains area. 
faÙë'20. (Continued) 
Year June 
rainfall 
June rain­
fall > 3" 
August' 
temp.e 
August temp. 
> 8i°"F'. ... 
Mississippi Delta 
1944 1.6 0.0 81.7 0.7 
1945 7.3 4.3 80.1 0.0 
1946 3.0 0.0 79.3 0.0 
1947 3*6 0.6 84.9 3.9 
1948 3-6 0.6 80.6 0.0 
1949 4.8 1.8 79.8 0.0 
1950 4.8 1.8 78.5 0.0 
1951 4.9 1.9 83.8 2.8 
1952 0.5 0.0 82.7 1.7 
1953 1.1 0.0 81.1 0.1 
1954 1.1 0.0 85.5 4.5 
1955 3.8 0.8 80.8 0.0 
1956 3.7 0.7 82.5 1.5 
1957 6.0 3.0 79.9 0.0 
eAverage of 20 stations in the Mississippi Delta area. 
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APPENDIX B 
Measurement of Technological Change 
The development of a parity price formula which includes 
an adjustment for technological change involves the calcula­
tion of a term which accurately measures change in technology. 
Technological change is ' def ined, here as any kind of shif t • 
in the production function. In the discussion which follows 
a shift in the production functions refers to a change in the 
production coefficient of a production function which passes 
through the origin. Any change in output per unit of total 
input between two periods will indicate a technological 
change. 
The aggregate production function can be written as 
Y = F(X;t) (1) 
where Y represents output, X represents inputs, and the vari­
able t for time appears in F to allow for technical change. 
If shifts in the production function simply refer to increases 
or decreases in the output attainable from given inputs, the 
production function takes the special form 
Y = A(t) f(X) (la) 
and the multiplicative factor A(t) measures the cumulated 
effect of shifts over time (22). 
In the above formula, A(t) can be used to indicate 
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whether or not the production function has been shifting over 
time. If there has been an upward shift in the production 
function over time (output per unit of input has increased), 
then the parity returns price will be lowered. Likewise, if 
there has been a downward shift in the production function 
(output per unit of input has decreased), the parity returns 
price will.be raised. And if the production function remains 
constant over time, the parity returns price will not be af­
fected. 
If A(t), the cumulated effect of shifts over time, is 
removed from (la), the aggregate production function of the 
form 
Y = f(X) (2) 
will be left. If the Function 2 meets certain tests, then 
the change in output per unit of input serves adequately as 
a measure of technological change. Then production can be 
normalized by the procedure presented earlier; that is, by 
regression of the input-output ratio on time and weather 
variables. 
For the input-output ratio to serve as a measure of 
technological change, the production function in Function 2 
must meet the following requirements : (l) the combinations 
of outputs and inputs must be in equilibrium; (2) constant 
returns to scale must exist; (3) technological change must 
be "neutral"; (4) prices of factors must remain unchanged 
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relative to each other, and prices of products must remain 
unchanged relative to each other; (5) both output and input 
must be measured "net" of current operating expenses; and 
(6) inputs should be aggregated geometrically rather than 
arithmetically ( 2 3 ) .  
Constant returns to scale, can be tested by first remov-
ing the effect A(t) of shifts over time and then fitting a 
production function to see if constant returns to scale exist. 
The procedure for removing the effect of shifts in the 
production function over time in (la) involves some mathe­
matics. Differentiate (la) totally with respect to time and 
divide by Y and one obtains 
14  + # - !  
where dots indicate time derivatives. Substituting w^ = 
^ ~ in the above equation (note that ^  = A^) there 
results 
l = i + (3) 
Y X From time series of wx> and ^ or their discrete year to 
year analogues, j can be estimated and thence A(t) itself. 
Application for the six cotton areas 
In order to isolate shifts in the aggregate production 
function from movements along it, by use of Function 2, time 
series data for outputs and inputs are needed. The output 
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( ZrQ) and input ( Zp^q^) data used in the empirical applica­
tion of a parity formula based on returns to resources are 
applied to the Function 3. The time derivatives are replaced 
by year to year changes. The quantities are 
c A A 
calculated and used as estimates of —g—. The term wx is 
Y 
* estimated" for âiïy given, year by multiplying & for that year 
• dY by the marginal productivity computed from the regression 
of outputs on inputs for the period studied. The calcula­
tions were made for the six cotton areas southern Piedmont, 
Black Prairie, nonirrigated High Plains, .irrigated High 
Plains, Mississippi Delta large farms, and Mississippi Delta 
small farms. The calculations for the irrigated- High Plains 
area are shown in Table 21. The calculations are the same 
for the other areas. By arbitrarily setting A(1944) = 1 in 
each area and using the fact that A(t + 1) = A(t) [l + • -] 
one can successively construct the A(t) time series. The 
A(t) series for each of the six areas are shown in Table 22. 
The A(t) series in Table 22 indicate that the production 
function has been shifting upward in the two High Plains 
areas at a fairly rapid rate. In the other four areas there 
has not been much of an upward trend in the production func­
tion, as shown by the A(t) series, especially in the Black 
Prairie and Mississippi Delta small farms areas. 
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Table 21. Calculation of A(t) series for irrigated High 
Plains area 
Year AY AX 
X 
X 
Y vSHa 
AA 
A A(t ) 
1944 - . 5 0  -.14 .29 1.58 -.23 -.27 1.00 
1945 .37 .07 .50 2.68 .18 .19 .73 
1946 .80 .23 • 39 2.09 .47 .33 .92 
194? -.21 -.04 .27 1.42 -.06 -.14 1.25 
1948 .58 .10 .32 1.71 .17 .41 1.11 
1949 
-.37 -.08 .22 1.19 -. 09 -.28 1.52 
1950 .24 .08 
.33 1.74 .13 .10 1.24 
1951 .11 .08 .28 1.51 .12 -.01 1.35 
1952 -.06 .03 .28 1.48 .04 — .10 1.33 
1953 .18 .07 .30 l.6l .11 . 0 7  1.23 
1954 -.11 .02 .27 1.46 .03 -.14 1.30 
1955 .16 .02 .31 1.67 .03 .13 1.16 
1956 —. 01 -.10 .27 1.47 -.15 .14 1.29 
1957 1.43 
= 5*35$ computed from regression of outputs on in­
puts before effects of A(t) were removed. 
By dividing both sides of the function 
Y = A(t) f(X) 
by the shift factor A(t), one obtains 
ÂTtT " f (x) 
Y 
By now plotting against X, the observed points in the 
original time series data of Y and X are reduced to a single 
member of the family of curves representing several produc­
tion functions. By studying the function 
ÂTtT " f(X) 
the aggregate production function can be reconstructed. 
147 
Table 22. A(t) time series for six cotton areas 
[A (1944) = 1] 
Year Southern 
Piedmont 
Black 
Prairie 
High Plains Mississippi Delta 
Non-
irrigated 
Irrigated Large 
farms 
Small 
farms 
1930 .58 .94 
1931 .67 1.07 
1932 .49 1.00 
1933 • 71 .92 
1934 .59 .82 
1935 .75 1 . 0 5  
1936 .61 .98 
1937 • 83 1.16 1.00 
1938 • 71 1.11 1.00 
1939 • 91 1 . 0 5  .98 
1940 .94 1.12 .88 
1941 " .63 .93 1.00 
1942 1.04 . 94 1.01 
1941 .87 1.02 .95 
1-944 1.00 1.00 1.00 1.00 1.00 1.00 
1945 1.06 .99 • 93 • 73 1.00 .94 
1946 1.01 .90 .94 • 92 • 97 .90 
1947 •93 1.06 1.01 1.25 " .97 .91 
1948 1.09 1.02 .66 1.11 1.14 1.17 
1949 .91 1.18 1.97 1.52 1.02 .98 
1950 .90 1.05 1.94 1.24 1.12 ' .96 
1951 1.10 . 9 0  1.68 1.35 .94 .85 
1952 .97 1 . 0 3  1.46 1.33 1.05 .94 
1953 1.01 1.25 1.90 1.23 1.10 1.08 
1954 .91 1.03 1.57 1.30 1.11 .95 
1955 1.26 1.30 1.51 1.16 1.2 7 1.17 
1956 1.10 1.02 1.40 I. 2 9  1.21 1.07 
1957 1.15 1.31 2.08 1.43 1.12 .91 
148 
Y 
In fitting a curve to the scatter between jjrçj and X 
for the six cotton areas, two functions were used, a straight 
line and a Cobb-Douglas function. For the straight-line 
relationship the elasticity of production is calculated from 
J'Y Y 
the quantities ax • y * For Cobb-Douglas function, the 
elasticity of production is given by the regression coef­
ficient. A t test was used to test the hypothesis of constant 
returns to scale; that is, to test the hypothesis of elas­
ticity of one. The statistical results for the two functions 
are shown in Table 23» One notes that the straight line is 
a better fit than the Cobb-Douglas in all of the areas except 
Table 23. Regression statistics for regressions of output 
on input in the six cotton areas3. 
Area Straight line Cobb-Douglas 
b Eb t r
2 b=Eb t r2 df 
Southern Piedmont 2.07 .84 • 56 .26 .82 .64 .25 26 
Black Prairie 2.51 .85 1.16 .62 .82 1.32 .58 26 
Nonirrigated 
High Plains 4.12 1.33 .86 .78 1.95 1.31 .46 17 
Irrigated 
High Plains 2.59 .92 .63 .82 .94 .50 .81 12 
Mississippi Delta 
large farms. 5.53 1.77 8.22 • 97 1-77 7-57 .96 12 
Mississippi Delta 
small farms 2.21 . 66 4.99 .88 .65 5.34 .89 12 
ab = production coefficient, = elasticity of produc­
tion, r2 = coefficient of determination, and df = degrees of 
freedom. 
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the Mississippi Delta small farms. In the nonirrigated High 
Plains area, two weather variables, preseasonal and seasonal 
rainfall, were also included in the fitting of the two func­
tions. As shown in Table 23, constant returns to scale pre­
vailed in the four areas southern Piedmont, Black Prairie, 
nonirrigated High Plains, and irrigated High Plains. In the 
Mississippi Delta large farms area increasing returns to 
scale appeared to exist while in the Mississippi Delta small 
farms area decreasing returns to scale prevailed. 
